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PREFACE 



the f ollowiiig pages aa attempt has been made to illustrate 
- -^i'/hjI iisee of Fronde's Law of Comparison. 

taken principaUy from the 

ninent naval architects who 

"*• iprovement of sound methods 

jgjjfij rmances. A few imaginary 

'"'•■ifc eluded, derived in order to 

Rn *""'*''^ *^^ ^^^ ^^® purpose of com- 

, ^ ^' here these occur, the word 

aire '^ ft« 

caniMi^ tiiiij^ 1 "fuU sized." 

"••^bifc ering the ratio of beam to 

ess appropriate to speed, has 
m empuu^^. The relations indicated in 

ites XIV. and XV. ma^ k,. nodified by a proper adjust- 
nt of this factor. 

Plates XVII. to XXIX. may be caUed " Rate Curves." 
.e value of an ordinate of any of these curves, corrected 
• friction by Plates VIII. to XI., and multiplied by P'^ 
>m Table III., gives the power of any vessel for the cor- 
jponding speed. The result may be checked by the curves 
Admiralty constant on Plates. IV., V. and VI., two-thirds 
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powers of displacements up to 61,000 being given in^ 
Table IV. .^ 

Tables VII. and VIII. give skin friction horse-powe**^ ' 
and resistance for ships up to 700 ft. long at speeds up t <t 
32 knots, and the explanatory matter generally deals wit » 
points omitted in other books. v 

Though aware of the shortcomings of the book, the Authc^ 
ventures to hope that it will be useful to practical men. f 
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STEAMSHIP COEFFICIENTS, 
SPEEDS & POWERS. 



INTEODUCTIOK 

THE LAW OF COMPARISON. 

?HB object of the following inyestigation is to provide ship- 
milderB and shipowners with a collection of actual results, and 

'■proper method of comparing them, for reference when deter- 
oining the power necessary to propel a proposed ship at a 
ertain speed, and the fineness of form appropriate to that speed. 
Che method of comparison is simply that of Fronde, to whom the 
andamentsJ principles of the subject of marine propulsion are 
argely due. Inst^d of making an estimate of power founded 

npon calculation independent of experience, as is possible in me- 

• hanical engineering, practical estimators work from a store of 

• !ata of preTious steamship performances. The vessels selects 
..3r comparison with the proposed ship must be as far as possible 
' similar," having '* similar speeds." By similar we mean that 
) hey have the same ratios of beam to length, and of draught to 

angth, and the same coefficients of fineness. If we have two 

hips whose linear dimensions are similar, having equal block 

I oemcients, their displacements are in the ratio of the cubes of 

< heir respective lengths. By " similar speeds " we mean speeds 

; nroportional to the square roots of the lengths of the vessels. 

The best kind of data consists of progressive speed and power 
r urves obtained from well conducted progressive trials on the 
'aeasured mile or in the open sea, at the normal draught and 
" rim, or curves deduced from experimental tank trials of a model 
if the proposed vessel; because from such curves the power at 
he " sunilar speed" may be obtained by inspection, whereas in 
.1 collection of isolated results of trials at about full speed, 
( Ithough each may be a truthful statement of the power at some 
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stated speed, the speed may not be the one we want. However, 
by the aid of some proper method of comparison, which will 
enable ns to turn all results to useful account, we may make a 
correct estimate of the power for our proposed steamer even from 
the latter. The Law of Comparison has already been purtly 
stated above. It is described by Professor Peabody as the 
Theory of Mecheuiical Similitude, or Froude's extended Law of 
Oomparison. 

The correspondiDg speeds for similar ships are speeds pro- 
portional to the square roots of their linear dimensions. 

The corresponding displacements of similar ships are dis- 
placements proportional to the cubes of their linear dunensions. 

The corresponding resistances for similar ships at similar 
speeds are resistances proportional to the cubes of their linear 
dimensions. 

The correex)onding powers for similar ships at similar s{)eeds 
are jwwers proportional to the3*6 jwwers of their linear dunen- 
sions. 

The corresponding wetted surfaces and immersed midship 
areas of similar ships are proportional to the squares of their 
linear dimensions. 

The Ijaw of Comparison strictly applies to resistances other 
than Frictional. 

If the linear dimensions of an actual ship be I times the 
dimensions of a model (i.e. if the length of thB ship be I times the 
length of the other ship or model), and the resistance of the 
model at speeds Vi, Vg* ^s* ©^-^ ^^^ Ri, R21 Bs* etc., and the 
i.h.p.'s of the model at those speeds are i.h.p.i ,_i.h.p o^ih.p.g, 

then at the corresponding speeds of the ship Vj v' I, VjV Z, Vj v Z, 
etc., the resistances of the ship will be Ki iJ^, Kg ^, Kg ^,* ©tc. ; 
and the horse-jwwers of the ship will be* i.h.p.i 1?'^^ i.li.p.2p**, 
etc. 

By the term resistance we mean the pull on the tow-rope 
registered by means of a properly arranged dynamometer, when 
towing a ship or model through still water. A sure metiiod of 
determining the resistance of any ship is to tow her through still 
water from a long outrigged boom, at various speeds, and note 
the resistances. The resistances of a ship towed at various 
speeds may also be inferred from trials of a small model of the 
ship in a tank in the light of Froude*s method of proportioning 
the skin friction of the model to that of the ship. It is univer- 
sally agreed that in tank trials the results are obtained with even 

* Within limits. See Chapter on Skin Friction Correction. 
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. greater accnracy than in full-sized trials, that dififerences of le- 
;i8tance developed at different trims are in the same direction 
/ts l^ose with the actual vessel, and that there is a great resem- 
.)lance in character between the " curves of resistsmce '' of the 

nodel and of the ship. The humps and hollows occur at simi- 

ar speeds. (See note on Humps, p. 8.) 

Tank experiments made with models of existing ships, for 
. vhichthe records of progressive trials are available, areparticu- 

arlj instructive, ana provide the best means of arriving at 

'lOnect propulsive ef&ciencies or ratios of effective horse-power 

("R TT "P \ 
"Z* 'i^' ). E.H.P. is the equivalent of 

esistance. It is the horse-power expended in overcoming the 
let resistance of the vesseL 

-ra TT p _ Besistance in lb. x speed of ship in feet per min. 

83;doo 

)r 

_ _ p Besistance in Ib^ x speed in k nots x 60 80 
= 60~x'83;000 

E.H.F. = Besistance in lb. x speed in knots x 0*00307. 
Though towing trials and tank experiments of models of old 

■ra TT "p 

iteamero had no other use than to show these ratios of Vo^' 

ihey would be valuable for enabliDg us to predict the speed of 

my given steamer, attainable by a given I.H.P. On PLettes I., 

EHP 
H., in. will be found curves of this ratio ' ' ' ^ or propulsive 

JL.Xl.Jt « 

3fficien(^, or propulsive coefiScient as it is sometimes called. The 
propulsive efficiency is the product of three efficiencies, viz. 
^a) the engine efficiency, (6) tiie propeller efficiency, and (c) the 
ami efficiency. 

An idea of engine efficiency can be got from ratios of Brake 
Horse-Power to ladicated Horse-Power in smaller engines, or 
Grom torsion meter experiments as applied to recent turbine 
shafts, the ratio of the shaft horse-power to the I.H.P. being the 
engine efficiency. If we know the mechanical efficiency of the 
engine at different speeds, we may deduct the power expended in 
overcoming the friction of the engines and line shafting from 
the gross I.H.P., and call the remainder the power delivered to 
the propeller. 

The propeller efficiency may be calculated, but in doing so, 
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stated speed, the speed may not be the one we want. However^ 
by the aid of some proper method of comparison, which will 
enable ns to turn all results to nsefal account, we may make a 
correct estimate of the power for our proposed steamer even from 
the latter. The Law of Comparison has already been purtly 
stated above. It is described by Professor Feabody as the 
Theory of Mecheuiical Similitude, or Froude's extended Law of 
Comparison. 

The correspondiDg speeds for similar ships are speeds pro- 
portional to the square roots of their linear dimensions. 

The corresponding displacements of similar ships are dis- 
placements proportional to the cubes of their liDcar dunensions. 

The corresponding resistances for similar ships at similar 
speeds are resistances proportional to the cubes of their linear 
dimensions. 

The corresponding powers for similar ships at similar speeds 
are powers proportional to the 3* 6 powers of their linear dunen- 
sions. 

The corresponding wetted surfaces and immersed midship 
areas of similar ships are proportional to the squares of their 
linear dimensions. 

The Law of Comparison strictly applies to resistances other 
than Frictional. 

If the linear dimensions of an actual ship be I times the 
dimensions of a model (i.e. if the length of thB ship be I times the 
length of the other ship or model), and the resistance of the 

model at speeds Vi, Vg* ^s* ^^'^ ^^ Ri> R21 Bs* ©te** *u?d the 
i.h.p.'s of me model at those speeds are i.h.p.i ,_i.h.p 2_||^i.h.p.3, 

then at the corresponding speeds of the ship Vj v' ?, VaV Z, VgV Z, 
etc., the resistances of the ship will be Ki Z^, Kg Z^, Kg ^,* ©tc. ; 
and the horse-powers of the ship will be* i.h.p.i Z^*^ i.h.p.gZ'*®, 
etc. 

By the term resistance we mean the pull on the tow-rope 
registered by means of a properly arranged dynamometer, when 
towing a ship or model through still water. A sure metiiod of 
determining the resistance of any ship is to tow her through still 
water from a long outrigg^ boom, at various speeds, and note 
the resistances. The resistances of a ship towed at various 
speeds may also be inferred from trials of a small model of the 
ship in a tank in the light of Froude*s method of proportioning 
the skin friction of the model to that of the ship. It is univer- 
sally agreed that in tank trials the results are obtained with even 

* Within limits. See Chapter on Skin Friction Correction. 
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greater accnracy than in full-sized trials^ that dififerenoes of le- 
. jstance developed at different trims are in the same direction 
A Ihose with the actual vessel, and that there is a great resem- 
)luice in character between the ** curves of resistcmce " of the 
nodel and of the ship. The hnmps and hollows occur at simi- 
ar n)eed8. (See note on Humps^ p. 8.) 

Tank experiments made with models of existing ships, for 

• vhich the records of progressive trials are available, areparticu- 

arlj instructive, ana provide the best means of arriving at 

ionect propulsive efficiencies or ratios of effective horse-power 

("pi TT "p \ 
"7 •:^' ). E.H.P. is the equivalent of 

Bsistance. It is the horse-power expended in overcoming the 
let resistance of the vessel. 

pjrp _ Besistance in lb. x speed of ship in feet per min. 

^^^^ ^7500 

ir 

p fT p Besist ance in lb. x speed inknots x 6080 
•^ - 60x33,000 

)r 

E.H.F. = Besistance in lb. x speed in knots x 0*00307. 

Though towing trials and tank experiments of models of old 

■p TT "p 

iteamera had no other use than to show these ratios of -4-^^> 

l.JdL.ir* 

ihey would be valuable for enabling us to predict the speed of 

my given steamer, attainable by a given I.n.P. On Fkttes I., 

EH P 
n., in. will be found curves of this ratio ' * or propulsive 

dffidemgr, or propulsive coefficient as it is sometimes called. The 
propulsive efficiency is the product of three efficiencies, viz. 
^a) the engine efficiency, (6) uie propeller efficiency, and (c) the 
hml efficiency. 

An idea of engine efficiency can be got from ratios of Brake 
Horse-Power to Indicated Horse-Power in smaller engines, or 
from torsion meter experiments as applied to recent turbine 
shafts, the ratio of the shaft horse-power to the I.H.P. being the 
engine efficiency. If we know the mechanical efficiency of the 
engine at different speeds, we may deduct the power expended in 
overcoming the friction of the engines and line shafting from 
the gross I.H.P., and call the remainder the power delivered to 
the propeller. 

The propeller efficiency may be calculated, but in doing so, 
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the shape of the blades should enter more into the calcniation 
than is usual. We have 

P = i§};= ei X e, X e, 

(Engine (Screw (Hull 

eflSoienoy) efficiency) efficiency) 

and 63 can only be obtained from a tank trial. 

(a) The engine efficiency may be taken at 0*83 at sea (i.e. at 
about f ths full power), for engines driying their own air, cirenlat- 
ing, feed and bilge pumps, and about Ool to 0*845 at maximum 
power. 

When only the air, feed and bilge pumps are driyen from the 
main engine leyers, we may take the engine efficiency at about 
Q * 85 at sea, for good engines running at 600 to 700 ft. per minute 
piston spe^ at sea, and 0*86 at maximum trial power. 

With all the pumps independent of the main engines the 
mechanical efficiency may be assumed 1 per cent, more, and 
with forced lubrication as in some 1st class cruisers launched in 
1906, 61 would be say 0-88. or nearly 0*89. Professor Peabody 
puts down 0-886 for the " Manning" at full power. This is 
about a maximum. In large electric installations higher figures 
are giyen — over 0*91 — but in marine work the values of e, 
given above may be adhered to, especially the 0*85 at sea for 
present day reciprocating engines with centrifugal circulating 
pumps. For notes on Thrust Block Friction, see Appendix. 

(6) Propeller ej/iciency (eg). FormulfiB for this are given in 
Mr. D. W. Taylor's new book. 

(c) Hull efficiency = — ^ — = eg. Only obtainable from tank 

Ci X Co 

trials. 

The records of a few tank trials have been published fix)m 
time to time in the ' Transactions of the Institution of Naval 
Architects,' the ' Proceedings of the American Society of Naval 
Architects and Marine Engineers,' and in the papers of other 
learned Societies, and by t^hnical journals. AH are valuable 
contributions towards a general solution of the problem ot 
marine propulsion. 

The general method of treatment adopted in this investiga- 
tion is thsLt of converting the different ships to be compared to 
one denominator as regards length, viz. 100 ft. , and bringing 
model experiments up to the same standard. This was first 
suggested by Mr. F. P.Purvis in 1880,* and elaborately worked 

* See ' Trans. Inst. Engineers and Shipbuilders in Scotland.' 
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it by Mr. W. Hok in an admirable paper read before the North 
r )8t Coast Institution of Engineers and Shipbuilderd, in 1893* 
A r. Hok*s results were all expressed in progressive speed curves 
'^ itii i.h.p. per ton of displacement of the 100-ft. model, the i.h.p. 
■ ' ling corrected for engine friction; so that the i)ower at lower 
. eeds of any ship may be considered that of an engine designed 
' r that power working at maximum efficiency, instead of being, 

1 :e ours, ordinary progressive speed and i.h.p. curves taken 
J rectly from trials, ana suffering slightly at low speeds from 
':. e decreased engine efficiency. Mr. Hok's curves of i.h.p. and 
tt eed are therefore steeper than ours. 

By the Theory of Mechanical Similitude the relation between 

• 3 power and speed of a ship can be found from the trial results 
a ** similar " ship as follows : — 

A ship 315 ft. long x iO ft. broad x 15*8 ft. mean draft, of 
30 tons displacement, is "similar" to a ship 325 ft. long x 
*3 ft. lnx)ad x 16 * 3 ft. mean draft, of 3740 tons displacement. 
the horse-power required to jpropel ilie smaller ship at 18 
.. ots speed is 6600, then at 18 '29 knots, the "corresponding" 
s 3ed- of the larger vessel, the horse-power required for the 
: 5-ft. ship will be greater than 660U, in the proportion of the 3i 
wers of the lengths of the two ships. 
That is, the I.H.P. of the larger vessel will be 

6600 X 2^'? = 7370. 

65'4: 

Any number of ships may be derived from these figures all 
ujtly similar, differing from each other only in mere size. If 
wever the length is much altered, the I.H.P. will have to be 
Tected for skin friction : longer ships having a slightly dimin- 
ed corresponding horse-power, and shorter ships requir- 

• ; a great^ corresponding horse-power.* Our curves and 
>les of &in Frictional Horse-Power per 1000 square ft. of 
tted surface (see pp. 46-48), show exactly how much 
i^er to add in the case of shorter vessels, and how much less 
leeded for longer ships. If the scale is too small, the reader 
)uld make curves for himself from the tables. By reducing 
ships to a standard length of 100 ft., the principal character- 
CB of their immersed forms are displayed with more readiness 
ji by perhaps any other method. The breadth and draught 

♦ The ' formula should only be applied to the actual sbip, 
X.11.P. 

the 100-ft. model. 
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of the ship are then percentages of the length. Thus in the above 
cases, the two 100-ft modelsare 100 x 12-7 x 5'02. with a dis- 
placement of 109 tons, and a speed of 10*15 knots in both cases, 
.and the block coefficient is 0*598. 

Let the ratio of the length of the actual ship to the length 
of the reduced ship be I ; then in this book 

7 _ Length of ship 
100 

In manipulating the data in connection with the above ships 
Z =3*15 and 3*25 ror the two cases. 

A table of square roots, squares, cubes, and 3^ powers of 
values of I from * 25 up to say 8* 00, will help us to handle such 
data with great ease. (See Table III., p. 26-33^ 

In converting the above 315-ft. ship to a 100-ft. model, the 

i.h.p. of the 100-ft. model = ?!?-^-v^^?^ + skin correction. 

i.h.p. "reduced (uncorrected)" = ||^ = 119*1. 

The wetted surface of the 100-ft. model (by Mumford's 
formula) = (100 x 5*02 x 1*7) +(100 x 12*7 x 0*598) = 16J < 
square ft. 

Turning to the curves of skin horse-power correction (Plates 
Vm., IX., X., XI.) we find that 315-ft. ships reduced to 100-ft. 
models, at 10* 15 knots require 3 horse-power per 1000 square ft. 
of wetted surface of a correction. 

Therefore we make a correction of 1613 x 3 = 4*839 H.P. 
This quantity added to 119*1 makes the i.h.p. of the 100-ft. 
model = 123*939. 

In converting small boats, imder 100 ft. long, to 100-ffc. 
models for purposes of comparison, the skin correction has to be 
subtracted from the ** uncorrected *' i.h.p. of the 100-ft. model. 

Again if we wish to find the power necessary to drive a 500-ft. 
ship similar to the above at the corresponding speed, viz. 
22*7 faiots, we work from the 100-ft. model thus: First obtain 
the skin friction h.-p. correction for passing from 100 ft. to 500 
ft from Plate IX. at 10*15 knots. After multiplying it by the 
number of thousands of square ft. of wetted surface of the 100-ft. 
model, viz. 1*613 as before, deduct this correction from the 
Lh.p. of the 100-ft model, and multiply the remainder by /3«6^ i.e. 
by ^9*5. 

The following notation is observed throughout : — 
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D = displacement of ship in tons 

Dm = „ lOii-ft. model in tons 

V = speed of ship in knots 

V»» = corresponding speed of 100-ft. model in knots 

I.H.P., E.H.P., T.H.P. = indicated horse-power, effective 
orse-power, and thrust horse-power respectively, for full sized 
lip. 

i.h.p., e.h.p., and t.h.p. = ditto for 100-ft. model. 

Bevs. = Eevolutions per min. in the case of actual ship. 

BevB.^ = „ „ „ 100-ft. model. 

(Indicated thrust)}ii = Indicated thrust for 100-ft. model. 

(Be6istance)in = Eesistance of 100-ft. model. 

L = length of ship in ft. 

I — the ratio of the length of the ship to the length of the 

reduced ship or 100-ft. model ; i.e. I — j^. 

» = block coefficient (same for both). 

The relations are expressed by the following formulae : — 

Dm = « ; i.h.p. = • * with correction where necessary. 
Vm = J- ; Eevs.m = Revs. Vf; e.h.p. ="^^. 
(Wetted surface). = Netted surface^of actual ship 

Reeistance and thrust vary as 1? for corresponding speeds. 

Horse-power varies as l^'^ for corresponding speeds. 

B.H.P. = resistance in lb. x V x 0*0030707. 

Skin resistance = R/ = coef. of friction x wetted surface x V». 

Skin horse-power =/ x wetted surface x 0* 0030707 x V^*®'. 

Skin horse-power = skin resistance x (0-0030707 x V). 

For values of / (the coefficient of friction) and the index n, 
56 Tables I., 11., pp. 14 and 15 and Plate VII. 

For a ship 500 ft. long,/ = 000904, and n = 1-83. 

The coefficients of fineness are the same for both ship and 
lodel. 

It may be noted that 

Mid area coefficient = Block coefficient ^ 

Prismatic coefficient 

Prismatic coefficient = ^f}f^ coefficient 

Mid area coefficient 
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Mumford^ 8 formula for Wetted Swr/oce. given by Mr. A. Denny 
CTrans. Inst. Naval Arch/ 1895), and used thronghont this work. 
Wetted Snrface in sqnare feet 

= (L X D X I'-T) + (L X B xblock coefficient) 

where L = length, B = breadth, D = draught, of ship in feet. 

The surfaces obtained by this formula are almost exactly 
correct for steamers of medium fineness whose draught 
(100-ft. model) is 3*72 to 5*46, and beam from 10 to 14-44. 
Mid area coef&cient 0*913 to 0*94, and block coef. 0*614 to 
0*659. The percentile error for 28 steamers tiE^en was not 
over li per cent, up or down. 

For finer steamers the formula slightly overestimates, and 
for full steamers the reverse. With a very broad, full and 
shallow barge the formula gave Wetted Surface 3*36 per cent, 
too low. 

Other formulsB for Wetted Surface are based on mean girth, 
etc., but we recommend the above. 

Note on Humps, — The deeper the draught the higher are the 
speeds at which Humps and hollows occur. Mr. E. E. Froude, 
in his 1881 paper, gave thahump speeds and hollow speeds for 
100-ft. models, within ordinary limits. 

Hump speeds, 6*05, 6*85, 8*1, 10-45, and 18 knots. 
Hollow speeds, 6*4, 7*4, 9*05, and 12*8 knots. 
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TEE ADMIRALTY CONSTANT. 



n. the Law of Comx)arisoii we can derive the horse-power 

"02 a proposed steamer from the known performances of a 

*' imilarsnip/' if we have one. Proprietors of Experimental 

I '{ oks make similar ships (or models of them) whenever they 

r iitiie them, and try them m the tank. But if we have not a 

j ' imilar ship *' to work from, we may adopt one of two courses : 

J ( Still using the Law of Comparison, select a list of vessels as 

I n irly similar to ours as we can obtain, plot their progressive 

. 9\ )ea and power curves on squared paper, and then decide 

f >v- :ere our vessel comes in. This method should be practised, 

■ :/ ofnly because it leads to systematic handling of data. (2) 

i v^ 3 may try other methods, and formulsB, for determining the 

I \T met, always keeping the principle of similitude in view. 

A Qoaig the formuisa in general use the Admiralty Constant 

'c UBS first. 

I.M.P. = — p — 

^ " LH.P. 
lexe 

D = displacement in tons. 

V = speed in knots. 

C = l£e " constant," or coeflBcient of performance. 

The values of 0, which will be found in tables and curves later, 
ry with the size of ship, being less for small ships than for 
?ge ones (Plates IV., V., VI.). 

Li a well known paper read before the Institution of Naval 

. ."chitects in 1888, " On the ' Constant ' system of Notation of 

«ults of Experiments on Models used at the Admiralty experi- 

. mt works," Mr. E. E. Froude gives an explanation of factors 

'ecting this Constant. For determining the skin friction cor- 

] 3tion in the resistance constant besides the sMn constant and 

- e length constant he used another constant L termed the 
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" length-speed constant," expressing ratio of speed to a iinit speed 
appropriate to length. He aeteimined the term in the resistance 
constant which represents the total skin frictional resistance. 
The Constant was tnmed upside down, with the I.H.P. in 
the nnmerator, and the constant value broken up into tenns 
representing the several elements of I.H.P. As a method for 
calculating power Mr. Froude recommends the Admiralty 
formula, "adjusted as experience directs." 

Experience shows that the decrease in the value of C for 
smaller vessels is due (in addition to the greater skin friction), 
to the proportionately greater eddy-making resistance from 
rough surfaces, and to the greater effect of rough sea and wind 
on small ships. For a given ship the value varies with the 

speed. The curve of _ from a progressive trial ahnost 

l.Jtl.Jr. 

always rises between low speeds and moderate speeds, and then 
falls away again between moderate speeds and high speeds. 
See Plates IV., V., XXTTI., showing typical curves of C. 

Before beginning to calculate the power for a given ship, 
her salient features should be written down: — 

1. The ratio of beam to length (Bw) the breadth ofthelOO-ft. 
model shows this immediately. The number of beams to length 
is the reciprocal, and is still preferred by some people. Beam is 
an important factor affecting resistance. 

2. The ratio of draught to length. If the vessel is of light 
draught then so much the worse for propulsion, especially if she 
is also very broad. 

3. The coeflBcients of fineness. 

4. "P^ the speed divided by the square root of the 

hundredth part of the length, or the speed divided by the square 
root of the length and multiplied by 10 = the corresponding 
speed of the 100-ft. model. 

Consider whether the speed proposed is higher or lower than 
the appropriate limit of speed for that vessel ; if lower she will 
be easy to drive, and a little more power will produce an 
appreciable extra speed ; if higher, an increase of speed requires 
an undue increase of power. This appropriate limit of speed is 
called the " Limiting Economical Speed.'' It is the speed at 
which the I.H.P. is varying as about the fourth power of the 
speed. 

This point may be found by trial, by drawing tangents to the 
speed-power curve. (At higher speeds the I.H.P. may vary as 
the 7th or 10th or 11th or a still higher power of the speed.) 
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In our piogressiye trials the limiting economical speed is 
\\ ned and marked by an arrow, and on some of the curves of 

-^ we have shown its position by a dot. 

Haying settled these preliminaries for the proposed vessel 
:i: d one or two other ships selected for comparison, examine all 
'■^ 3 available progressive cnrves of Admiralty Constant, and 

V- \ er marking the position of our ?P^ on one of these, read off 
• ' 3 value of the constant, and apply the formula . 

l.Jtl. IT. 

After long practice the values given in the Tables of Steam- 

i ip Data maybe turned to some account, but only if considered 

i^*.ictly with regard to their ratios of speed to *' limiting speed." 
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CORRECTION FOR SKIN FRICTION. 



Given the dimensions of a ship, with displacement and other 
particulars. 

From this we may derive any number of " similar ships." 
The linear dimensions of the derived ship are all directly propor- 
tional to the linear dimensions of the known vessel. The dis- 
placement of the derived ship and the displacement of the origi^ial 
vessel bear the same ratio to one another as the cubes S the 
linear dimensions. The speed of the derived ship is to the speed of 
the first vessel as the square root of the length of the deriv^ ship 
is to the square root of the length of the first known ship. 
In other w ords, th e displacement varies as (length)*; the speed 

varies as Vlength, and the horse-power (within limits which we 
shall define below) varies as (leiigth)3-6. 

If the surfaces of long ships had the same coefficient of friction 
as short (ship) surfaces then it would be absolutely correct to 
say that the horse-powers of " similar ships at similar speeds " 
were directly proportional to the 3i powers of the respective 
lengths of those ships. 

However, if the derived ship is not very diffarent in length 
from the teown vessel this difference amounts to nothing. 

For instsmce, if we are deriving a 270-ft. steamer horn a known 
260-ft. one, the skin friction horse-power correction need not be 
thought of. But suppose we are using the progressive trial of a 
218-ft. steamer for checking our calculations for a 306-ft. pro- 
posed vessel, then we have to remember that the " correspond- 
ing power '' of the longer ship is rather less than that expressed 
by the relation I.H.P. (^ l^'^, on account of the effect of the 
difference in/, the coefficient of friction, for the two surfaces. 

Sin this case about 20 horse-power has to be deducted from the 
880 I.H.P. of the 306-ft. ship at about 11*2 knots.) (See pp. 
23-4). 

In deriving a full-sized steamer from an experimental tank 
model, of course, the difference is so great that the process of 
correcting for skin friction forms almost the most important part 
of the calculation. For comparing a model 14 ft. long, made of 
paraffin, and tried in a fresh water tank, with a similar vessel 
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400 ft. long of clean painted steel for service in the salt sea, 
we use Tables I. and n., and other tables or curves made from 
them. Not only is the water of diflFerent density in the two 
cases, but the surfaces in contact with the water have, from 
their nature, different resistances to motion from other causes. 
For instance, the power of the speed at which the resistance 
is varying, or index (w) of variation of resistance with speed, is 
different in the two cases ; the coefScienti^ of fluid friction for 
the different lengths of stirfaces are different from each also — 
all causing 

/ . S . Y» X Z3-5 to be different from / . S . Yn. 
(for the model) (for the ship) 

- The difference between the two is the amount of the skin 
friction correction. 

Though no friction experiments on a large scale have been 
made, values of the coefficient of fluid friction for painted 
surfaces up to 500 and 600 ft. long are included in tables based 
uix>n Froude's experiments with flat boards up to 50 ft. in 
length. The classical account of the experiments with H.M.8. 
•* Greyhound," copper sheathed gunboat (' Trans. Inst. Naval 
Arch,' 1874, Frouoe), gives proof of the accuracy of the scale, 
which is now in constant use at Experimental Tank Works in 
Great Britain, the 'Oontinent of Europe, and America. Other 
values of /, ascribed to Tideman, for clean painted ships in salt 
water, similar to Froude's constants, but about 5 per cent, 
higher, are given in Table I. and used throughout this work for 
calculating skin friction horse-power and resistance of ships in 
salt water. 

Table EL. gives values of the coefficient of skin friction for 
models in fresh water from Fronde's figures, and Plate VII. gives 
Froude's values of./', with the corresponding values of n for 
various qualities of surface in fresh water. 

The tables of Skin Frictional Kesistance and Horse-Power 
per 1000 square ft. of wetted surface are deduced from Table I. 
The differences between the skin horse-powers or resistances 
per 1000 square ft. for ships of different lengths, may be plotted 
separately as curves of correction. 

Plates Vin.. IX., X., and XI., of skin friction horse-power 
correction per 1000 square ft. of wetted surface, are examples of 
these derived curves, to be used for correcting the power when 
passing from one length of ship to another at the corresponding 
speeds (or speed of their 100-ft. model), or when reducing any 
ship to a 100-ft. model. Similar curves are used at Experi- 
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mental Tank Works for making the necessary correction when 
passing from the scale of a tan k model to an actual ship. 

The Curves on Plates VHl. to XI. may be constructed as 
follows : — 

1. Obtain the skin h.-p. per 1000 square ft. of wetted surface 
of a 100-ft. boat at a certain speed (from the Tables on pages 
46-48), and write it down. Tor simplicity at present suppose the 
boat has only 1000 square ft. of wetted surface. (A torpedo 
boat 100 ft. long might have only about 1000 square ft.) 

2. Obtain £rom the same tables the skin H.P. per 1000 
square ffc. of wetted surface of a similar vessel of another length, 
at itscorresponding speed, say a 200-ft. vessel. (Its speed will 

be Vz X the speed of the 100-ft. boat; here we have Z = 2*0.) 
J 3. Multiply this skin H.P. per 1000 square ft. by P. This 

gives the total skin H.P. of the 200-ft. ship. 

4. Divide the total skin H.P. of the 200-ft. ship by Z3-5 to 
i reduce the result to a 100-ft. model by the Law of Comparison. 
j We have now the sMn h.-p. of a 100-ft. model of the 200-ft. ship, 
' not yet corrected for friction. 
' 5. Subtracting (4) from (1) gives the skin h.-p. correction. 

And so on for other speeds, and other lengths. 

Example. — ^Por a 100-ft. model at 23 knots, the skin h.-p. per 

1(X)0 square ft. of wetted surface is 213 . . . (1). 

2. The corresponding speed of a 200-ft. ship is 32i knots, 
and at 32^ knots the skin H.P. of the 200-ft. ship per 1000 
square ft. of wetted surface is 550. 

3. Multiplying by Z* (because the W.S. of the larger boat is 
l^ times the W.S. of the 100-ft. model), we have 650 x 4. 

4. Divide now hj T^'^ 

550 X 4 _ ,g. .g 
■Tl-31 " ^^^ ^• 

5. Substract (4) from (1). 

Thus 213 - 194-5 = 185. 

The skin friction correction for horse-power, when passing 
from a 200-ft. ship to a 100-ft. model at these corresponding 
speeds, is therefore 18*5. (Plate XI.) 

To illustrate the use of this, suppose the 200-ft. vessel to be 
a torpedo boat destroyer, with 4600 square ft. of wetted surface 
(i.e. 4*600 thousands of square ft.). 

Beginning as before I — 2. 

1. The wetted surface of a 100-ft. model of this boat is 

^^ = 1150 (or 1-150 thousands of square ft.). 
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The skin li.-p. is 245 (i.e. 1*150 x 213) at 28 knots. 
2. and 3. For the 200-ft. boat at 32i knots, the skin H.P. 
wiU be 550x4-6. 

4. Bednced to a 100-ft. model this torpedo-boat destroyer's 
skin H.P. will be 

55 0x4-6 _ 550 x 4*6 _ 0.24 
~ V^'^ "" 11-31 

5. Subtracting (4) from (1) the skin horse-power correction 
is 245 - 224 = 21. 

But in ordinary work we are dealing with the I.H.P., and 
we do not stop to calculate the skin h.-p. in (1) or the values in 
(2) and (3). We only require these steps in the process. 

(a) Calculate the wetted surface of the vessel or model by 
Mumford's formula. Let it be 1150 for example (i.e. 1*150 
thousands of square feet). 

0)\ Divide the I.H.P. of the actual ship by V^'^, 

(c) Multiply the skin correction per 1000 square ft. of wetted 
surface for a speed of 23 k nots (always take the speed of the 
100-ft. model on Plates VUI. to XI.) by 1-150, and add the pro- 
duct to ?^-. 

For other illustrations of same, see Motor boat, pages 19-21. 

Example, — A ship with fine lines, 100 ft. long, having 1000 
square feet of wetted surface, is being compared with a similar 
ship 300 ft. in length. Here / = 3-00 and 1^ = 90, Z^* = 46*8. 

. - . The wetted surface of the 300-ft. ship is 1000 x ? = 
9000 square ft. 

i<'rom the tables we find that at 6 '93 knots speed, the 300-ft. 
vessel expends 6*8 horse-power on skin friction per 1000 square 
ft. of wetted surface, i.e. at 6*93 knots the skin H.P. = 61*2. 

Hedace this ship now to a 100-ft. model, and we have 

«kpH:^-^^3QQ-ft- sh^P = skinh.p. of 100-ft. model (neglecting 

the correction) = ^^ = 1309 = sMn h.p. of 100-ft. model 

(n^lecting the correction). 

The amotmt of the correction for skin friction, is the diflfer- 
ence between this 1-309 and the skin friction h.p. of the 
100-ft. vessel at the corresponding speed, viz. 4 knots. 

The difference between 1-51 and 1-309 (viz. 0*201) is the 
correction. 
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*' length-speed constant," expressing ratio of speed to a iinit speed 
appropriate to length. He aetermined the term in the resistance 
constant which represents the total skin frictional resistance. 
The Constant was turned upside down, with the I.H.P. in 
the numerator, and the constant value broken up into terms 
representing the several elements of LH.P. As a method for 
calculating jx)wer Mr. Froude reconmiends the Admiralty 
formula, "adjusted as experience directs." 

Experience shows that the decrease in the value of C for 
smaller vessels is due (in addition to the greater skin friction), 
to the proportionately greater eddy-making resistance from 
rough surfaces, and to the greater effect of rough sea and wind 
on small ships. For a given ship the value varies with the 

speed. The curve of from a progressive trial ahnost 

l.Jtl.Jr. 

always rises between low speeds and moderate speeds, and then 
falls away again between moderate speeds and high speeds. 
See Plates IV., Y., XXTTI., showing typical curves of C. 

Before beginning to calculate the power for a given ship, 
her salient features should be written down : — 

1. The ratio of beam to length (Bw) the breadth of the 100-ft. 
model shows this immediately. The number of beams to length 
is the reciprocal, and is still preferred by some people. Beam is 
an important factor affecting resistance. 

2. The ratio of draught to length. If the vessel is of light 
draught then so much the worse for propulsion, especially if she 
is also very broad. 

3. The coefficients of fineness. 

4. — ?-=r-, the speed divided by the square root of the 

hundredth part of the length, or the speed divided by the square 
root of the length and multiplied by 10 = the corresponding 
speed of the 100-ft. model. 

Consider whether the speed proposed is higher or lower than 
the appropriate limit of speed for that vessel ; if lower she will 
be easy to drive, axid a little more power will produce an 
appreciable extra speed ; if higher, an increase of speed requires 
an undue increase of power. This appropriate limit of speed is 
called the " Limiting Economical Speed.'' It is the speed at 
which the I.H.P. is varying as about the fourth power of the 
speed. 

This point may be found by trial, by drawing tangents to the 
speed-power curve. (At higher speeds the I.H.P. may vary as 
the 7th or 10th or 11th or a still higher power of the speed.) 
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In our progressive trials the limiting economical speed is 
.: ned and marked by an arrow, and on some of the curves of 

-^ we have shown its position by a dot. 

Having settled these preliminaries for the proposed vessel 
:i. d one or two other ships selected for comparison, examine all 
1^ 3 available progressive curves of Admiralty Constant, and 

;• i er marking the position of our ?2^-_ on one of these, read off 
• ' 3 value of the constant, and apply the formula .^^^-^ . 

X.rL. IT. 

After long practice the values given in the Tables of Steam- 

t ip Data maybe turned to some account, but only if considered 

f Mctly with regard to their ratios of speed to " limiting speed." 
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Given the dimensions of a ship^ with displacement and other 
particulars. 

From this we may derive any nmnber of " similar ships." 
The linear dimensions of the derived ship are all directly propor- 
tional to the linear dimensions of the known vessel. The dis- 
placement of the derived ship and the displacement of the original 
vessel bear the same ratio to one another as the cubes of the 
linear dimensions. The speed of the derived ship is to the speed of 
the first vessel as the square root of the length of the deriv^ ship 
is to the square root of the length of tiie first known ship. 
In other w ords, th e displacement varies as (length)'' ; the speed 

varies as Vlength, and the horse-power (within limits which we 
shall define below) varies as (length)3"6. 

If the surfaces of long ships had the same coefficient of friction 
as short (ship) surfaces then it would be absolutely correct to 
say that the horse-powers of " similar ships at similar speeds '* 
were directly proportional to the 3 J powers of the respective 
lengths of those ships. 

However, if the derived ship is not very different in length 
from the ^own vessel this difference amounts to nothing. 

For instance, if we are deriving a 270-ft. steamer from a known 
260-ffc. one, the skin friction horse-power correction need not be 
thought of. But suppose we are using the progressive trial of a 
218-ft. steamer for checking our calculations for a 306-ft. pro- 
posed vessel, then we have to remember that the " correspond- 
ing power " of the longer ship is rather less than that expressed 
by the relation I.H.P. o^ l^'^, on account of the effect of the 
difference in/, the coefficient of friction, for the two surfaces. 

Sin this case about 20 horse-power has to be deducted from the 
.880 I.H.P. of the 306-ft. ship at about 11*2 knots.) (See pp. 
23^). 

In deriving a full-sized steamer from an exi)erimental tank 
model, of course, the difference is so great that the process of 
correcting for skin friction forms almost the most important part 
of the calculation. For comparing a model 14 ft. long, made of 
paraffin, and tried in a fresh water tank, with a sinular vessel 
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400 ft. long of clean jpamted steel for service in the salt sea^ 
we nse Tables I. and n., and other tables or curves made from 
th^oa. Not only is the water of different density in the two 
cases, bnt the surfaces in contact with the water have, from 
their nature, different resistances to motion from other causes. 
For instance, the power of the speed at ^hich the resistance 
is varying, or index (n) of variation of resistance with speed, is 
different in the two cases ; the coefScienti^ of fluid friction for 
the different lengths of surfaces are different from each also — 
all causing 

/ . S . V» X Zs-6 to be different from / . S . Vn. 
(for the model) (for the ship) 

• The difference between the two is the amount of the skin 
friction correction. 

Though no friction experiments on a large scale have been 
made, values of the coefficient of fluid friction for painted 
surfaces up to 500 and 600 ft. long are included in tables based 
upon Froude's experiments with flat boards up to 50 ft. in 
length. The classical account of the experiments with H.M.S. 
** Greyhound," copper sheathed gunboat (' Trans. Inst. Naval 
Arch,' 1874, Froude), gives proof of the accuracy of the scale, 
which is now in constant use at Experimental Tank Works in 
Great Britain, the Continent of Europe, and America. Other 
values of /, ascribed to Tideman, for clean painted ships in salt 
water, similar to Froude's constants, but about 5 per cent, 
higher, are given in Table I. and used throughout this work for 
calculating skin friction horse-power and resistance of ships in 
salt water. 

Table n. gives values of the coefficient of skin friction for 
models in fresh water from Froude's figures, and Plate VII. gives 
Froude's values of/, with the corresponding values of n for 
various qualities of surface in fresh water. 

The tables of Skin Frictional Eesistance and Horse-Power 
per 1000 square ft. of wetted surface are deduced from Table I. 
The differences between the skin horse-powers or resistances 
per 1000 square ft. for ships of different lengths, may be plotted 
separately as curves of correction. 

Plates Vin., IX., X., and XI., of skin friction horse-power 
correction per 1000 square ft. of wetted surface, are examples of 
these derived curves, to be used for correcting the power when 
passing from one length of ship to another at the corresponding 
speeds (or speed of their 100-ft. model), or when reducing any 
ship to a 100-ft. model. Similar curves are used at Experi- 
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mental Tank Works for making the necessary correction when 
passing from the scale of a tank model to an actual ship. 

The Curves on Plates VIIL to XI. may he constructed as 
follows : — 

1. Obtain the skin h.-p. per 1000 square ft. of wetted surface 
. of a 100-ft. boat at a certain speed (from the Tables on pages 
: 46-48), and write it down. For simplicity at present suppose the 
\ boat has only 1000 square ft. of wettea surface. (A torpedo 
« boat 100 ft. long might have only about 1000 square ft.) 

2. Obtain fiom the same tables the skin H.P. per 1000 
, square ft. of wetted surface of a similar vessel of another length, 
I at itscorresponding speed, say a 200-ft. vessel. (Its speed will 

i be Vz X the speed of the l(X)-ft. boat; here we have Z = 2*0.) 
i 3. Multiply this skin H.P. per 1000 square ft. by P. This 
I gives the total skin H.P. of the 200-ft. ship. 
; 4. Divide the total skin H.P. of the 200-ft. ship by /s-s to 
[ reduce the result to a l(X)-ft. model by the Law of Comparison. 

We have now the skin h.-p. of a 100-ft. model of the 200-ft. ship, 

not yet corrected for friction. 

5. Subtracting (4) from (1) gives the skin h.-p. correction. 

And so on for other speeds, and other lengths. 

Example, — For a 100-ft. model at 23 knots, the skin h.-p. per 

1000 square ft. of wetted surface is 213 . . . (1). 

2. The corresponding speed of a 200-ft. ship is 32i knots, 
and at 32^ knots the skin H.P. of the 200-ffc. ship per 1000 
square ft. of wetted surface is 560. 

3. Multiplying by Z* (because the W.S. of the larger boat is 
P times the W.S. of the 100-ft. model), we have 560 x 4. 

4. Divide now by Z^''* 

550 X 4 _ ng. .g 

"Tl-31 " ^^* ^• 

5. Substract (4) from (1). 

Thus 213 - 194-6 = 186. 

The skin friction correction for horse-power, when passing 
from a 2(X)-ft. ship to a l(X)-ft. model at these corresponding 
speeds, is therefore 18*6. (Plate XI.) 

To illustrate the use of this, suppose the 2(X)-ft. vessel to be 
a torpedo boat destroyer, with 46(X} square ft. of wetted surface 
(i.e. 4-6(X) thousands of square ft.). 

Beginning as before Z = 2. 

1. The wetted surface of a l(X)-ft. model of this boat is 

~^~- = 1150 (or 1 '150 thousands of square ft.). 
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The skin iL-p. is 245 (i.e. 1*150 x 213) at 28 knots. 
2. and 3. For the 200-ft. boat at 32i knots, the skin H.P. 
wiU be 550x4*6. 

4. Beduced to a 100-ft. model this torpedo-boat destroyer's 
skin H.P. wm be 

5 50 X 4*6 . 560 x 4*6 ^ 0.24 
Z3-« 11 -31 

5. Subtracting (4) from (1) the skin horse-power correction 
is 245 - 224 = 21. 

But in ordinary work we are dealing with the I.H.P., and 
we do not stop to calculate the skin h.-p. in (1) or the values in 
(2) and^). We only require these steps in the process. 

(a) Calculate the wetted surface of the vessel or model by 
Mumford's formula. Let it be 1150 for example (i.e. 1*150 
thousands of square feet). 

0>S Divide the I.H.P. of the actual ship by ^^^ 

(c; Multiply the skin correction per 1000 square ft. of wetted 
surface for a speed of 23 knots (always take the speed of the 
100-ft. model on Plates VIII. to XI.) by 1 • 160, and add the pro- 
duct to ?:?^'. 

For otiier illustrations of same, see Motor boat, pages 19-21. 

KoDample, — ^A ship with fine lines, 100 ft. long, having 1000 
square feet of wetted surface, is being compared with a similar 
ship 300 ft. in length. Here / = 3-00 and L^ = 9*0, Z*« = 46*8. 

.*. The wetted surface of the 300-ft. ship is 1000 x ? = 
9000 square ft. 

1^'rom the tables we find that at 6' 93 knots speed, the 300-ft. 
vessel expends 6*8 horse-power on skin friction per 1000 square 
ft. of wetted surface, i.e. at 6*93 knots the skin H.P. = 61 a. 

Kedace this ship now to a 100-ft. model, and we have 

!^_g'.?*_o^^^^- ship = skinh.p. of 100-ft. model (neglecting 

the correction) = ^^ = 1309 = skin h.p. of 100-ft. model 

(n^lecting the correction). 

The amount of the correction for skin friction, is the diflfer- 
ence between this 1*309 and the skin friction h.p. of the 
100-ft. vessel at the corresponding speed, viz. 4 knots. 

The difference between 1*51 and 1*309 (viz. 0*201) is the 
correction. 
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Since the shorter yessel has a greater coefficient of friction 
than the 300-ft. ship, the skin friction correction must be added 
to 1 • 309. The skin h.- p. of the 100-f t. model is 1 • 61 at 4 knots. 

Suppose that the engines of the 300-ft. ship indicated 
144 horse-power at 6 * 93 faiots. 

Eednced to a 100-ft. model, the i.h.p. would be 

^* = ^^ = 3*08 (neglecting the skin friction correction). 

With the correction, the i.h.p. for the 100-ft. model is 

308 
0-201 

i.h.p =3-281 

It is only the skin frictional element of the horse-power that 
has to be corrected ; the remainder varies as /^'^, and may be 
obtamed directly by division. That is, as stated in the Intro- 
T duction, the Law of Comx)arison applies to resistances other 
j than frictional. 
Thus 

Total I.H.P. = 144 = 61*2 + 828 

(skin) (ranainder) 

and 

i.h.p. of 100-ft. model = -^^ (with a correction) + §|^ 

= 1-51 + 1-771 

= 3-281 as before. 

In analysing the results of progressive steam trials, or 
towing trials (i.e. trials measuring the tow-rope resistance at 
various speeds), the skin resistances are computed separately, 
and written in a column opposite the speeds. (See, for example 
page 88, Trials of ferry steamer, " Cincinnatti.") 

For each speed the total resistance — the skin frictional 
resistance = the residuary resistance. 

When reducing the results of the progressive trial to the 
100-ft. model, the skin resistances are corrected for friction, 
while the residuary resistances are all reduced directly by 
dividing by Z^. 

In the horse-power columns the only difference in the 
process is that the remainder (or H.P. left after deducting the 
skin H.P.) is divided by l^-^ instead of by Z^ 

For Z3« = Z^* = Z3 + i^;3^^ 

and horse-power always = resistance x (0*0030707 x speed) 
(see Introduction). 
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CONVBBTING TO 100-FT. MoDBLS. 

1. Example. — ^Motor boat, Napier No. 1. 

Data*: Length = 39*9 ft., beam = 5 ft., draft of hull 
amidships = 0*63 ft. (See Plate XXXI.) 

TotiJ draft = 2 * 7 ft. (with propeller and rudder drooping). 

Displacement = 1'8 ton. Wetted surface = 150 sq. ft. 
18 '88 knots speed, with 66 motor power (M. P.). Revs. = 800. 
Consider this about 68 B.H.P. Mid area = 2*9 sq. ft. Then 
assuming engine efficiency =0*87, the I.H.P. - 78. 

Prismatic coefficient = 0546. ^l^ = 127. 

l.H.P. 

From these figures the block coefficient seems about 0*50. 
Here \ = 0399. Model dimensions = 100 x 12*52 x 1*58. 
From the tables we have V = 0-159. ^l = 0-631 l^ = 0*0635. 
^•6 = 0*0401. 

Displacement = D™ = 28*3 tons = i^ = JUL = 28*3. 

/^ 0*0635 

Wetted surf. = ^ = q^^q = 940 sq. ft. 
Mid area coefficient = 0*92. V„ = ^^^ =29*9 knots. 

V ? 

At this stage check the coefficients of fineness, remembering 

that Block coefficient ^ prismatic coefficient. 
Mid area coefficient 

i.h.p. of 100-ft. model = IH.P. of actu^boat (neglecting 
skin friction correction). 

From the skin H.P. correction curves (Plate XI.) we find that 
at 29*9 knots the horse-power correction is 75*5 per 1000 sq. ft. 
of iretted surface. 

Skin H.P. correction (for boat with 940 sq. ft. wetted skin) = 
71, to be deducted from reduced I.H.P. 

* For data of motor boats, see paper by Mr. Linton Hope, 
* EDgineering,' 1906. 
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.-. i.h.p. of 100-ffc. model = ^ - 71. 

= 1946 - 71 
= 1874. 

[Or we may calculate the correction from the tables or curves ' 
of BKin frictional resistance per 1000 sq. ft. of W.S. (See Tables). 

From Table VTEI. p. 51, the skin resistance in lb. per 1000 sq. 
ft. of W.S. for a 100-ft. model at 29 • 9 knots speed is 4848 lb., and 
that of a 39-9-ft. boat at 18*88 knots in 2260 lb. 

The first corre^nds to 445 horse-power, and the second to 
181 horsenpower (by the formula Horse-power = resistance in 
lb. X speed in knots x 000307). 

But with only 940 sq. ft. wetted surface, this 100-ft. model 
has skin h.-p. = 418. 

And with 150 sq. ft. W.S. of the motor boat, the horse-power 
spent on skin friction is 19*6. 

19 6 _ 19-6 _ 4QQ 
^8.5 - 0-0401"' 

489 — 418 = 71 = horse-power correction as above.] 
Converted to a 100-ft. model, then, this motor boat Napier 
No. 1 becomes 

100 X 12-62 X 1-58 ft. mean draft 
Displacement =28*3 tons 
Block coefficient = 0*50 
Wetted surface = 940 sq. ft. 
Midship area coefficient = 0*92 
Prismatic coefficient = 0*546 
Speed = 29 -9 knots 
i.h.p. = 1874 

t^oie, — The speeds on Plates VIII., IX., X., XI. are the speeds 
of 100-ft. models only. The skin correction, or difference of height 
between the ordinates of the various curves is only applicable at 
the particular corresponding speed of the 100-ft. model at which 
it is taken. These plates give the amount of correction to be 
added to, or subtracted from, the power of the 100-ft. model 
when passing from a ship of any length to a 100-ft. model. 

The use of Plates VII [. to XI. should now be evident to the 
reader, for they obviate the necessity of making the calculatioii 
given in brackets, for vessels working within ordinary limits. 

When extraordinary speeds are attained, the conversion to 
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the lOO-ft. model introdnces values of the skin frictional H.P. 
per 1000 ft. of W.S. outside of the curves we have as yet drawn. 

11. E.G. TheLegru-Hotchkiss motor boat. 39 9 x 5 x 11 
hull draft. Total draft 2 17. Displacement = 2*26 tons. 
170 B.H.P. or 161 • 5 M.P. at 915 Eevs. 29 • 68 knots. Wetted 
skin 1 55 * 4. Mid area = 3 * 65 sq. ft. Qiiid area coefficient =0*663. 
Prismatic coefficient = 0'544. Block coefficient seems 0*362. 

Model. 100 X 12*52 X 2*755. Corresponding speed = 47 
knots. Displacement = 35*6 tons. I = 0*399. Functions of I 
as before. W.S. = 976 sq. ft. Skin h.-p. of 100-ft. model at 47 
knots = 000307 x 00097 x 976 x (47)**««. (47) ^'^^ = 55,000. 
.-. Skin h.p. = 1600. 

SMn H.P. of the actual motor boat at 29 * 68 knots = * 00307 
x 001001 X 155*4 X (29*68) »". (For 39*9 ft. / = 001001 
n = 2*84). .-. Skin H.P. = 0*00307 x 0*01001 x 155*4 x 
15,140 = 72*2. 

Skin H.P. of motor boat 72 ■ 2 



^3.5 0401 



= 1800 



= the skin h.-p. of a 100-ft. model of the boat not corrected for 
friction. 

1800 - 1600 = 200 horse-power to be deducted from the 
i.h.p. of 100-ft. boat. 

We have 

I.H.P. of boat = 195 (assuming ^^^ = about 0*87). 

l.H.P. 

195 
. • . i.h.p. = ^ with a correction or deduction for friction 

^^^ - 200 



00401 
= 4860 - 200 
= 4660 

m. Example, — Application of curves on Plate X. in 

reducing H M. Scout "Sentinel " to 100-ft. model, I.H.P. of 360-ft. 

scout at 2507 knots = 17,488. i.hp. of 100 ft. model at its 

17488 
corresponding speed = --^ + correction. 

Le. i.h.p. of 100-ft. model at 13*2 knots = 197*4 + correction. 
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Correction = 6*9 horse-power per 1000 sqnare ft. of wetted 

snrface. « 

= 6-9 X 1-215 (since W.S. = about 1215) = 84. 

.-. i.h.p. =205-8. 



Given the progressive trial of a cargo steamer 218 x 82-8 
X 9*72 ft. mean draft at trial. The steamer was intended for 
a draft of about 12 ft., so that at the trial the conditions were 
unfavourable. The result is not good in any case, because of 
excessive propeller slip, due to too high a pitch ratio, and bad 
weather. Revs. = 104 per min. at fall speed. Displacement = 
1370 tons. Block coef . = • 69. Mid. area coef . = * 95. Prism, 
coef. = 0-727. 







Df V3 


Knots 


I.H.P. 


I.H.P. 


7 


232 


182 


8 


332 


190 


9 


493 


182 


10 


720 


172 


10- 1 


765 


166 



Let us reduce this to a 100-ft. model. We have 

I = 218, Vr= 1-476, ?« = 10-36, \^'^ = 1529. 
Dimensions, 100 x 15* 06 x 4-46 w = 0-69. 



1370 1370 



Dm = ^^y = 



= 132-5 tons. 



P 10-36 

Wetted surface (by Mumford's formula) 

= (100 X 15-06 X 0-69) + (100 x 4-46 x 1-7) 
= 1800 square ft. 

Corresponding! 7 _8 9 10 101 

speeds J I.476' 1-476' 1-476' 1-476' 1-476 

= 4-75, 5-42, 6-1, 6-78, 6*85 knots. 
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The horse-powers for the 100-ft. model are 



Knoto. 

4-75 
5-42 

61 

(64) 

6-78 
6-86 



232 

15-29 
332 

15-29 
493 

16-29 

720 

15-29 

765 

15-29 



+ correction = 15*2 + 18 
+ correction = 21-7 + 1*8 

+ correction = 323 +18 

(38) 
+ correction = 47*1 + 18 

+ correction = 50 +1*8 



I Skin H.P. 
correction 
per 1000 
square ft. } i.h.p. 
W.S. from 
Plates. I. 
and n. 

X -2 = 15-66 
X -3 = 22-24 

X -47= 3315 

(39) 
X -62= 48-27 

X -67= 51-2 



correctkms 



The rednced results may be collected thus 

100 X 15-06 X 4-46. D« = 1325 tons. 





Knots 


i.h.p. 






4-75 


15-56 






5-42 


22-24 


See Plate XXI. 




6-1 


3315 






6-78 


48-27 






6-85 


51-2 





Now suppose we want the I.H.P. for a similar ship 306 ft. 

long at 11*2 knots. 

11*2 
The speed of the 100-ft. model = Vm = —r=- = 6*4 knots. 

At 6'4 knots the ih.p. = 39, found by drawing curve 
through the points. That is, 39 is the i.h.p. of tbe 100-ft. model 
of ail such similar vessels at 6*4 knots Ym. 
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From Plate VIII., we find that the difiference of skin h.-p. 
correction for passing from a d06-ft. ship to a 218-ft. ship is 
* 25 per 1000 square ft. of wetted surface. So that 1*8 x 2 '5 or 
0*46 has to be deducted from 38, to give the " uncorrected re- 
duced " i.h.p. of the 100-f t. model of the 806-ffc. ship. (37 • 55.) 

The dimensions of the new ship are 

806 X 46 X 13-68 ft. mean draft, at trial. 
Displacement = 3800 tons. 

^3-6 = p X Vr= 28-65 X 1-749 = 50-1. 

By the Law of Comparison 
I.H.P. of 306-ft. ship ^ (306)3-5 ^ .^,^ ^ /S-OBy-s ^ 
i.h.p. of same at 100 ft. (100)3-6 VlOOy/ 

.-. 501 X 37-55 = 1880 LH.P. 

T XT w w^rks out j at 182, but we may expect something better 
I. U.P. 

than this, because the larger ship is not so much affected by the 
weather, etc. 

At deeper draft ^e should expect a much better result. 
At the corresponding load draft (17 ft.). Admiralty constant 
about 210. 

In the discussion on Naval Constructor Taylor's paper, on 
the U.S. model basin, at the American Society of Naval Archi- 
tects and Marine Engineers in 1900, Mr. John Thom's formula 
was mentioned, and is certainly worthy of notice. 



I.H.P. = -_D* ^* 



VE X a/cI X c 



where 



D = displacement in tons. 

V = speed in knots. 

E = length of entrance in feet, 

c = a constant (varying from 55 to 120). 

E = L - (L X i?). 

p = prismatic coeflBcient. 

For estimating speeds and powers of known vessels at their 
limiting economi^ speeds, this is a satisfactory formula to use, 
and the values of c do not vary much within ordinary limits. 



Square Roots, Cubes, Etc., of ^il^. 
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TABLE ni. 

MULTIFLUCBS USED IN APPLYIKO THB Law OF C0HPABI8ON 



24 


I 
•24 


VT 


l" 


V 


23*5 

•00676 


4 

62 


I 


VT 


P 


•2383i 


•1875 




•490 


•0576 


•0138 


•62 


•787 


•384 




25 


•25 


•500 


•0625 


•0156 


•00780 


63 


•63 


•793 


•397 


•2500 


•1981 




26 


•26 


'510 


•0676 


•0175 


•00892 


64 


•64 


•800 


•409 


•2621 


•2096 




27 


•27 


•519 


•0729 


•0197 


•01023 


65 


•65 


•806 


•422 


•2746 


•2215 




28 


•28 


•529 


•0784 


•0219 


•01158 


66 


•66 


•812 


•435 


•2875 


•2335 




29 


•29 


•538 


•0841 


•9244 


•01311 


67 


•67 


•818 


•449 


•3007 


•2460 




30 


•30 


•547 


•0900 


•0270 


•01476 


68 


•68 


•824 


•462 


•3144 


•2590 




31 


•31 


•556 


•0961 


•0298 


•01658 


69 


•69 


•830 


•476 


•3285 


•2728 




32 


•32 


•565 


•1024 


•0327 


•01849 


70 


•70 


•836 


•490 


•3430 


•2870 




83 


•33 


•574 


•109 


•0359 


•0206 


71 


•71 


•842 


•504 


•3579 


•3012 




34 


•34 


•583 


•115 


•0393 


•0229 


72 


•72 


•848 


•518 


•3732 


•3160 




85 


•35 


•591 


•122 


\0428 


•0253 


73 


•73 


•854 


•533 


•3890 


•3320 




86 


•36 


•600 


•129 


•0466 


•0279 


74 


•74 


•860 


•547 


•4052 


•348 




37 


•37 


•608 


•137 


•0506 


•03075 


75 


•75 


•866 


•562 


•4218 


•365 




38 


•38 


•616 


•144 


•0548 


•03371 


76 


•76 


•871 


•577 


•4389 


•382 




39 


•39 


•624 


•152 


•0593 


•0370 


77 


•77 


•877 


•593 


•4565i 


•400 




40 


•40 


•632 


•160 


•0640 


•0404 


78 


•78 


•883 


•608 


•4745 


•418 




41 


•41 


•640 


•168 


•0690 


•04415 


79 


•79 


•889 


•624 


•4930 


•438 




42 


•42 


•648 


•176 


•0741 


•0480 


80 


•80 


•891 


•640 


•5120 


•456 




43 


•43 


•655 


•185 


•0795 


•0521 


81 


•81 


•900 


•656 


•5314 


•478 




44 


•44 


•663 


•193 


'0852 


•05645 


82 


•82 


•905 


•672 


•5513 


•499 




45 


•45 


•671 


•202 


•0911 


•0611 


83 


•83 


•911 


•690 


•5717 


•521 




46 


•46 


•678 


•211 


•0973 


•0659 


84 


•84 


•916 


•705 


•5927 


•543 




47 


•47 


•685 


•221 


•1038 


•0711 


85 


•85 


•922 


•722 


•6141 


•566 




48 


•48 


•693 


•230 


•1105 


•0765 


86 


•86 


•927 


•739 


•6360 


•590 




49 


•49 


•700 


•240 


•1176 


•0823 


87 


•87 


•932 


•757 


•6585 


•613 




50 


•50 


•707 


•250 


•1250 


•0883 


88 


•88 


•938 


•774 


•6814 


•639 




51 


•51 


•714 


•260 


•1326 


•0946 


89 


•89 


•943 


•792 


•7049 


•665 




52 


•52 


•721 


•270 


•1406 


•1014 


90 


•90 


•948 


•810 


•7290 


•691 




53 


•53 


•728 


•281 


•1488 


•1082 


91 


•91 


•954 


•828 


•7535 


•718 




54 


•5i 


•734 


•291 


•1574 


•1155 


92 


•92 


•959 


•846 


•7786 


•746 




55 


•55 


•741 


•302 


•1663 


•1233 


93 


•93 


•964 


•865 


•8043 


•775 




56 


•56 


•748 


•313 


• 1756 


•1312 


94 


•94 


•969 


•883 


•8306 


•805 




57 


•57 


•755 


•325 


•1852 


• 1399 


95 


•95 


•974 


•902 


•8573 


•835 




58 


•58 


•761 


•336 


•1951 


•1485 


96 


•96 


•979 


•921 


•8847 


•865 




59 


•59 


•768 


•348 


•2053 


•1578 


97 


•97 


•984 


•941 


•9126 


•897 




60 


•60 


•774 


•360 


•2160 


•1670 


98 


•98 


•990 


•960 


•9411 


•932 




61 


•61 


•781 


•372 


•2270 


•1771 


99 


•99 


•995 


•980 


•97031 


•965 


k 




















\ 
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Length 



Table III,~MnLTiFLiEBa Used in AiTLTiita i 





If 


X 


VT 


T- 


I" P" 


i 


I 


VT 


V P 


I"< 




IDA 


1-00 


1-00 


i-oo 


1-00 1-00 


138 


1-38 


1-174 


r9042-6"28 


3 ■085 




101 


i-oi'i-oo. 


1-020 


l-O80'l-O3fi 


139 


1-39 


1-178 


l-D32|'2-68- 


3 ■161 




i02 


1021-01 


1-040 


rO61|l-070 


140 


[■40 


1183 


1-96 


2 -744 3- 246 , 




103 


1'03,1-01 


1-061 


1-0921110 


141 


1-41 


1-187 




2-803 


8-329 




104 


1'04 


1-01 


1-061 


1-1241-145 


142 


1-42 


1-191 


2-Oli 


2-863 


3-410 




105 


1-05 


1024 


l-i02 


1-1571-185 


143 


1-43 


1-196 


2-045 


2-924 


3-493 




106 


1-06 


1-02 


1-123 


1-1911-226 


144 


1-44 


1-20 


a -073 


2-966 


3-580 




107 


1-0- 


ro3i| 


1-145 


1-2251 267 


145 


1-45 


1-204 


2-102 


S-D48 


3-662 




109 


1'08 


1-038 


1166 


1-2591-308 


146 


1-46 


1-208 


2-131 


3-112 


3750 




109 


1'09 


1-044 


1-18B 


1-2951-352 


147 


1-47 


1-212 


2-161 


3-176 


3-850 




110 


1-10 


1-048 


1-210 


1-3311-396 


148 


1^48 


1-216 


2-190 


B-241 


3-940 




111 




1053 


1-232 


1-367 1-439 


149 


1-49 


1-220 


2-220 


3-308 


4030 




112 


112 


1-058 


1-264 


1-4051-487 


150 


1-50 


1-224 


2-250 


3-375 


4-130 




US 


I'la 


1-063 


1-277 


1-4421-332 


ISl 


1-51 


1-228 


2-280 


5-443 


1-230 




114 


1-14 


1-067 


1-299 


I -4811-580 


152 


1-52 


1232 


2-310 


3-511 


4-328 




115 


115 


1-072 


1-322 


1-5211-630 


153 


1-53 


1-237 


2-341 


3-581 


4-430 




lie 


116 


:-07- 


1-345 


1-5601-680 


154 


1-54 


J -241 


2-371 


3-652 


4530 




117 


117 


1-081 


1-369 


1-601 1-730 


155 




1-245 


2-402 


3-723 


■637 




118 


1-18 


1-086 


1-392 


1-6431-784 


156 




1-249 


2-433 


3-796 


■740 




119 


I'lS 


1-090 


1-4IG 


1-6851-837 


157 


1-57 


1-253 


2-465 


3-869 


-841 




120 


1'80 


1-OBS 


1-440 


1-7281-890 


158 


1-58 


1-257 


2-496 


3-944 


-960 




121 


1-2: 


I-IO 


1-464 


1 -771!! -946 


159 


1-59 




2-528 


4-019 


-061 




122 


1-22 


1-104 


1-488 


■815.2-005 


160 


1-60 


1-265 


2-560 


4-096 


■180 




123 


1-23 


1-109 


1-513 


■8612-067 


161 


1-61 


1-269 


2-592 


4-173 


■290 




124 


1-24 


1-113 


1-537 


-9062-120 


162 


1-62 


1-272 


2-624 


4-251 


■410 




125 


1-25 


1-118 


1-562 


-953 2-182 


163 


1-63 


1-276 


2-657 


4-330 


■520 




126 


1-26 


1-122 


1-587 


2-000!2-24S 


164:1-64 


-280 




4-411 


■645 




i27 


1-27 


1127 


1-613 


2-0482-308 


165 1-65 


1-284 


2-722 


4-492 


-770 




128 


1-281-131 


1-638 


2 -097:2 -370 


166 


r66 


-288 


2-765 


4-574 


■890 




129 


1-29 


1135 


1-664 


21462-435 


167 


1'67 


-292 


2-789 


4-657 


-015 




130 


1-30 


1-140 


1-690 


2-1972-502 


168 


1-68 


-296 


2-822 


4-741 


-143 




131 


1-31 


1-144 


1-716 


2-2482-569 


169 


1-69 


-300 


2-856 


4-826 


■270 




132 


1-32 


1-14B11-742 


2-2992-641 


170 


1-70 


-304 


2-890 


4-913 


■407 




133 


1-33 


1-153 




■3522-710 


171 


1-71 


■3072-924 


5-000 


■537 




134 


1-34 


1-157 




-4062-785 


172 


1-72 


-311 


2-958 


5-088 


-668 




135 


1-35 


.-182 




-4602-856 


173 


1-73 


■315 


2-993 


5177 


-800 




1S6 


■36 






-5152-930 


174 


1-74 


'319 


B-027 


5-268 


-940 




IHV 


1-371-170 




-5713-008 


175 1-75 


-323 


3-062 


5-359 


•090 


/ / 


/ 1 




1 











Square Roots, Cubes, Etc., of 



Length 



Table III. — Hultiplibes Used m Affltimo i 

COKPABtBOM — (GOHflRUetf). 



€. 


I 


VT 


I" 


i* 


p-i 


% 


. 


^7 


P 


9-800 


14-34 




178 1 


■76 


1^326 


3097 


5-451 


7-23 


214 2 


-14 


1-463 


4-579 




177 


■77 


1^330 


3' 133 


5-545 


7 


38 


215 2 


■I5'l-466 


4-622 


9-938 


14-5t 




17S 


■78 




3'1685-639 


7 


52 


216 2 


-1611 -469 


4-665 


10-07 


14-80 




179 


■79 


1^338 


3-204!5-7:'5 


7 


66 


217 2 


'1711-473 


4'709 


10-21 


15-05 




IBO 


■80 


1-341 


3-240 


5-832 


7 


82 


216 2 


■181-476 


4-752 


1036 


I5-2t 




181 


■81 


1-845 


3-276 




7 


97 


219 2 


■19 


1-479 


4-796 


10-50 


15'5) 




182 


'82 


1-349 


3 312 


6'028 


8 


12 


22012 


-20 


1'483 


4-84010-64 


15 '7( 




183 


■83 


1-352 


3-349 


6-128 


8 


28 


2212 


-21 


1-486 


4-S84 


10-79 


16'04 




l&i 


■M 


1^356 


3385 




8 


44 


222 la 


-22 


1^489 


4-928 


10-94 


16'27 




183 


■85 


1'360 


3 422 


6-331 


8 


61 


223! 




1-493 


4973 


11-09 


16-54 




ise 


■86 


1'363 


3-459 


6-434 


8 


77 


224! 


'24 


1-496 


5-017 


U-24 


16-80 




187 


■87 


1'387 


S-407 


6-539 


8 


94 


225! 


■25 


1-500 


5-062 


11-39 


17-08 




188 




1-371 


3' 534 


6-044 


9 


10 


226 |a 


-26 


1-503 


5' 107 


11-54 


17-34 




189 




1-374 


3-572 


6 '751 




28 


2271 


■27 


1-506 


5-153 


11-69 


17-60 




190 


■90 


1-378 


3-610 


6-859 




45 


228 


-28 


1^509 


5198 11 ■as 


17-87 




191 


■91 


l'382i3-648 


6-967 


9 


63 


229 


-29 


1-513 


5-244:12-00 


18-14 




192 


■92 


1'385 




7-077 


9 


80 


230 


■30 


1'516 


5-290 


12-16 


18-40 




193 


■93 




3 '725 


7-1S9 


S 


98 


231 


■31 


1-519 


5-336 


12-32 [18-7( 




1»1 


■94 


1-S93 


3'7S3 


7-301 


10 


17 


232 


'32 


1'623 


5-382 


12'4e 


19-0( 




195 


■95 


1-396 


3 '802 


7 '415 


10 


35 




-33 


1-526 


5-428 


12 ■ea 


19-30 




196 


■96 


1-400 


3-841 


7 '529 


10 


54 


234 


-34 


1-529 


B^475 


12-81 


19'5( 




197 


■97 


1-403 


3 ■881 


7-645 


10 


73 


2S5 


-35 


1-533 


5522 


12-97 


19' 87 




1B8 


■98 


1-407 


3-920 


7^762 


10 


92 


236 


■3b 


1-536 


5'569 


13-14 


20' 17 




199 


■99 


1-410 


3-961 


7-880 


11 


10 


237 


■37 


1-539 


5 '617 


18-31 


20-50 




20(1 


■00 


1-414 


4' 00 


9-000 


11 


31 


23S 


■38 


1342 


5 '664 


13-48 


20 ■80 




201 


-01 


1-417 


4' 040 


B-120 


11 


50 


239 


-39 


l'54b 


5-712 


13-65 


21-10 




202 


2-02 


1'421 


4-080 


8-242 


11 


71 


240 


-40 


1'549 


5-760 


13-82 


21-40 




203 


J-03 


1- 424:4- 120 


8-365 




91 


241 


■41' 1-552 


5-808 


13'99 


21-70 




2IH 


2^0* 


l'428i4- 16118-489 


12 


11 


242 


■4211-555 


5-856 


14-17 


22-09 




205 


2-05 


1-43114 '202:8-815 


12 


S3 


313 


■431-558'5-905 


14-34 


22-34 




206 


2-06 


l-4354'243]8-741 


12 


53 


244 


-441-5625-953 


14-52 


22-68 




207 


2-07 




12 


76 


245 


-45r565!6-002ll4-70 


23-01 




208 


2 '08 


r 44214 -32(1 8 '999 


12 


96 


246 


'4&l-5a8|6-051 


H-88 


23-30 




209 


ji'09 


1-M5i4'368!9 -129113 


18 


247 


-471-5716-101 


15-07 


23'67 




210 


2^10 


l-MS 


4-410'9-26l!l3 


40 


248 


■48P574l6^150 


15-25 


24-00 




an 


ail 


1'452 


4- 452]9- 393)13 


62 


249 


■49r577'i6-2(l(] 


15 '43 124-35 




212 


2-12 


l'45e 


4'494|9-52813 


85 


250 


2-501-581|6^25(l 


15-62 |24'70 




21ft 


2^1S 


1-45B 


4-«37|9-663l4-09 

1 


251 


2'511-584l6'50<llvV5-%V'=l5.-^ 



28 Square Roots, Cubes, Etc., of ^—^. 



lOO 



Table III. — ^Multipliebs Used in Applying the Law of 

Comparison — (^efmivMbedi^. 



K> i Ship 
g ' Length 




Z 


VT 




P 


V 


V 


•ft 


290 




I 


t 


v/T 




P 


P 


P 


•ft 


2-52 


1-587 


6-350 


16-00 


25-4 


2-90 


1-703 


8-410 


24 


•39 


41-5 


253 


2 


63 




590 


6' 


401 


16' 


19 


25 


•7 


291 


2 


•91 




•705 


8 


•468 


24 


•64 


42 


•0 


254 


2 


54 




593 


6' 


'451 


16' 


'38 


26 


•1 


292 


2 


•92 




•709 


8 


526 


24 


•89 


42 


5 


255 


2 


55 




596 


6 


502 


16' 


58 


26 


•5 


293 


2 


•93 




•711 


8 


585 


25 


•15 


43 





256 


2 


•56 




60 


6' 


553 


16' 


77 


26 


•8 


294 


2 


•94 




•714 


8 


643 


25 


•41 


43 


5 


257 


2 


•57 




603 


6' 


605 


16' 


97 


27 


2 


295 


2 


•95 




'717 


8' 


702 


25 


•67 


44 


•0 


258 


2 


•58 




606 


6' 


656 


17' 


17 


27 


55 


296 


2 


•96 




720 


8' 


761 


25 


•93 


44 


•6 


269 


2 


59 




609 


6" 


'708 


17' 


37 


27' 


9 


297 


2 


97 




723 


8' 


820 


26 


•19 


45' 


1 


260 


2 


•60 




612 


6 


'760 


17' 


57 


28 


3 


298 


2' 


98 




726 


8' 


880 


26 


•46 


45' 


6 


261 


2 


•61 




615 


6 


•812 


17' 


77 


28 


7 


299 


2 


99 


• 


729 


8 


•940126 


•73 


46' 


2 


262 


2 


■62 




618 


6 


•864 


17' 


98 


29' 


1 


300 


3 


•00 




732 


9' 


000 27 


•00 


46 


•8 


263 


2 


63 




621 


6 


•917 


18' 


19 


29' 


'5 


301 


3' 


01 




'735 


9' 


06027 


•27 


47' 


3 


264 


2 


•64 




624 


6 


•970 


18' 


39 


29 


'9 


302 


3 


02 




738 


9' 


120 27' 


54 


47' 


8 


265 


2 


■65 




627 


7 


•022 


18' 


61 


30 


3 


303 


3' 


03 




740 


9 


181 


27 


•82 


48' 


5 


266 


2 


•66 




630 


7 


•075 


18' 


82 


30' 


'7 


304 


3 


04 




743 


9' 


241 


28 


09 


48' 


9 


267 


2 


•67 




634 


7 


•129 


19 


03 


31 


1 


305 


3 


05 




746 


9' 


302 


28' 


37 


49" 


5 


268 


2 


•68 




•637 


7 


•182 


19 


25 


31 


■5 


306 


3 


06 




749 


9' 


363 


28' 


•65 


50 


1 


269 


2 


•69 




•640 


7 


•286 


19 


46 


31 


'9 


307 


3 


07 




752 


9' 


42528' 


93 


50" 


7 


270 


2 


•70 




•643 


7 


•290 


19 


68 


32 


3 


308 


3 


08 




'755 


9' 


486 


29' 


22 


51- 


3 


271 


2 


•71 




•646 


7 


•344 


19 


90 


32 


75 


309 


3 


09 




757 


9' 


548 


29' 


50 


51" 


8 


272 


2 


•72 




•649 


7 


•398 


20 


12 


33' 


2 


310 


3 


10 




760 


9 


610 


29' 


79 


52 


4 


273 


2 


■73 




•652 


7 


•452 


20' 


34 


33' 


6 


311 


3' 


11 




763 


9' 


672 


30' 


08 


63- 





274 


2 


•74 




•655 


7 


•507 


20 


57 


34 





312 


3 


12 




766 


9' 


734 


30 


37 


53' 


6 


275 


2 


•75 




•658 


7 


•562 


20' 


79 


34 


5 


313 


3 


13 




769 


9 


796 


30 


e6 


54' 


2 


276 


2 


•76 




•661 


7 


•617 


21' 


02 


34 


'9 


314 


3' 


14 




772 


9' 


859 


30 


96 


54' 


9 


277 


2 


•77 




•664 


7 


•673 


21' 


25 


35' 


3 


315 


3' 


15 




775 


9' 


922 


31' 


25 


55' 


4 


278 


2 


•781' 


667 


7 


•728 


21' 


•48 


35 


'8 


316 


3' 


16 




777 


9' 


985 


31' 


55 


56' 


1 


279 


2 


•79 


1 


•670 


7 


•784 


21 


'71 


36 


2 


817 


3' 


17 




'780 


10' 


04 


31 


'85 


56' 


6 


280 


2 


•801 


673 


7 


•840 


21' 


95 


36 


'7 


318 


3 


18 




783 


10' 


11 


32 


15 


57' 


3 


281 


2 


•811 


676 


7 


•896 


22 


19 


37 


•2 


319 


3 


19 




786 


10' 


17 


32 


'46 


58' 





282 


2 


•82ll 


•679 


7 


•952 


22 


42 


37 


'6 


320 


8 


•20 




788 


10' 


24 


32 


76 


58' 


5 


283 


2 


■83 


1 


682 


8 


•00822 


66'38 


08 


321 


3 


•21 




791 


10' 


30 


33 


•07 


59 


•2 


284 


2 


•841' 


685|8 


065 


22 


90'38 


'6 


322 


3 


■22 




794 


10' 


36 


33 


'38 


59' 


'8 


285 


2 


•85 




■68818 


■122 


23 


15 


39 





323 


3 


'23 




797 


10' 


43 


33 


•70 


60 


'5 


286 


2 


•86 




•691 


8 


• 179:23 


'39 


39 


5 


324 


3 


•24 




•80 


10' 


49 


34 


01 


61 


•2 


287 


2 


•87 




•694 


8 


• 236l23 


64140 


•0 


325 


3 


'25 




'803 


10 


56 


34 


•33 


61 


9 


288 


2 


•88 




•697!8 


•294i23 


•88 


40 


■5 


326 


3 


'26 




805 


10 


62 


34 


•64 


62 


•6 


289 


2-89 


1-70 18-852 


24-13 


41-0 


327 


3-27 


1-808 


10-69 34-96 


63-2 



Square Roots, Cubes, Etc., of — ^--. 29 
^ 100 



TiBLB HI.— HULTIFLIBHS UmD IH APPLYMO THE L*W O 

CouPABtBON — (fionlinnad). 



*! 


I 


Vl P 


i' 


l>-i 


ft 


I 


Vi 


P I' 


p.. 


323 


3-23 


I'SII 


10-76 


35'2a 


03-9 


see 


3-66 


1 91S 


13-39 49 02 


ebT 




3-23 


I-8H 


0-82 


35-61 


84-6 


367 


3-67 


1-915 


13-47 49-43 


94-7 


330 


3-30 


1-81S 


0-89 


35-93 


65-2 


368 


3-681-918 


13- 54 49- 83 


1)5-5 


331 


d-31 


1-819 


10-95 


36-26 


65-9 


369 


3'691-920|13-ei|50-24 


96-5 


332 


3-32 


1-822 




36-59 


66-7 


370 


3-701-923l3-ei)50-85 


97-4 


333 


3-33 


1-825 




36 -92 


J7-3 


371 


3-711-92613-76'51-06 


9S-3 


334 


3-34 


1-827 


11-15 


37-26 




372 


3-721-928|l3-8451-48 


99-3 


335 


3-35 


1'830 


11-22 


37-59 




373 


3-731-93[ll3-9l|51-89 


100-0 




3-36 




11-29 


37-93 


69-5 


374 


3-741-934 


13-99' 52-31 


101-0 


aa? 


3-37 




11 -35 38 -27 


70-2 


375 


3-75 1-936 


14-0652-73 


102-0 






1-838 


11 ■4238-61 


71-0 


376 


3-761-939 


14-1353-15 


103-1 


339 




1-841 


11-4938-B6 


71-7 


377 


3-771-941 


14-21 53-58 


104-1 


340 


3-*0 


1'8« 


11-56 3B- 30 


72-5 


378 


3-78 1-944 


14-29 54-01 


105-0 


341 




1'846 


11-63 39-65 


73-2 


379 


S-791-946 


14-36'54-44 


105-9 


342 


3-42 


1'819 


11-6940-00 


74-0 


380 


3-80 


1-949 


I4-44|54'8ri06-9 1 


MS 


3-4;i 


1'852 




74-8 


331 


3-81 


1-952 


14-5l|55-30;]08-0 | 


344 


3-44 


1'854 


ll-8340'7< 


75-5 




3-82 


1-954 


14-5955-74 


100-0 


345 S- 45 

3*e|3-16 


1-857 


11-9041-06 


76-3 


383 


3-33 


1-957 


14-66 56-18 


110-0 


1-8(10 


11 '9741 -42 


77-0 


394 


3-84 


1-939 


11 -74166 -63 


111-0 


347 3 17 


1-802 


12' 111 11-78 


77-8 


385 


3-85 


1-962 


14-82(57-06 


II2-0 


348 3-43 


1-865 


121114214 


78-5 


386 


3-86 


1-964 


14-9057-51 


113-0 


349 3-49 


1-868 


12-1842-51 


79-4 


387 


3-87 


1-967 


14-97 57-96 


114-0 


350 3 -a) 


1-87) 


12-2512-87 


80-1 


388 


3-88 


1-969 


15-0558-41 


115-3 


351 3-51 


1-873 


12- 32 43 24 


81-0 




3-89 


l-972'l5-13l58-8« 


116-0 


352 3-52 


I-S76 


12'3943'6! 


81-8 


390 


3-90 


l-975'ld-2ll59-32 


117-1 


353 3-53 


1-879 


12 '46 43- 98 


82-5 


391 


3-91 


I-977|15-29 59-77 


118-1 


3513-54 


1-881 


12-53 44-36 


835 




3'92 


1-980 15-3660-23 


119-2 


355 3-55 


1-884 


12 -60 14- 74 


84-3 


393 


3-93 


1 -98211 5 '44160 -70 


120-4 


356 3-56 


1'887 


12-674512 


85-2 


394 


3-91 


1-985,15' 52,61- 16 


121-5 


857 3'57 


1-889 


12- 7^45 -50 


85-9 


393 


3-95 


1-987 15 -60 61' 63 


122-6 


3SS 3-5fi 


1-892 


12-8l!45-8S 




396 


3-96 


l-990'l5-C862-IO 


123-6 


35&S-59 


1-S95 


12-89:46-27 


87-ti 


397 


3-97 


I-992JI0- 76162-57 
1 ■995'15- 84:63 ■« 


124-7 


360 3- 6U 


1-897 


12-9646-85 




398 


3-98 


125-8 


361 se 


1-90 


13- 0347 -04 


89- ft 


399 


3-99',l-997|l5-92'63'5 


126-9 


3(!2 3-62 


1-902 


I3-10f47-44 


90-8 


400 


4-no!2-00 '16-00 64 -Ot 


128-0 


303 3-63'l-905 


13-17 47-83 


91-1 


401 


i-012-002|16'Oe64-4 


129-0 


3e*3-6i!l-908 


13-2548-22 


92-0 


402 


4- 02'2- 005' 16 -1 6:64- 96' 130-0 


3C5j3-l!51-9HJ 


13-82 48 -«2 


92-9 


403 


4-03'a-007ll6-2465-45131-l 



30 Square Roots, Cubes, Etc., of — ^ -. 



TlBLE III. — UULTIFLIEM UBED IK AFFLTIMO THE LAW O 

CouPABiBOK — (flonUnueA). 



2-01216-1' 

2-01416-4: 

2- 01716- ft 

2'01916'6 

2'02216' 

2-024 :6' 

2-02716- 



2 051 ,17 

2- 054/17' 
2 -056 17- 



72J68-41138-2 
81.68-92 139-^ 
SB 69-42 140-5 
■0769-1*3141 -6 
■0570-44143-0 
13!70- 95 144-1 
■2271-47145-4 
■3071-99 U6'8 
■39'72-5l',14S-0 
■4773-03149-1 
■55]73-56 150-3 
■6474-08151-5 
■72 74-62153-0 
"i75-151f 



973-e 



1S5-4 



4S9'4 

440 14' 



4-24a^0S917-S7 76^221£ 

8-oe76-76;i5a-i 

8-1477-S1159-a 
8-2377-85|160-6 
8-31 78-40 162-0 
8-40 78-i}51t 
8-49i7it-50!l64-8 

8-s7;eo-o:__: : 

4-32|2-07818-6e!HO-62il67-5 
8-7481-18168-8 
8-83«l-74170-3 
8-02;82-31171-5 
e-00,H2-B8173-0 
9-09|ft3-45ll74-a 
9-lB!s4-02il75-7 
9-27'84-60177-2 
9-36 85- 18 178-4 
9 -4585 -76 180-0 



M0219-5 
M0419-6 
J-107 19-71 
4-452-109 19-80 
Mil 19-89 
a- 114 19-98 
2-liel20-07 
2-119 2016 
2-]2li20-25 
2-12320-34 



2 -140 20 -97 
2 ■142:21 ■■ 
2-144 21-16 
2-147 21-25 



4-6412-1M21-53 E 



;-35 181-6 
j-94182-f 
7-531184-2 
M 2185-7 
3-71187-1 

iiss-a 



19C 

191 -e 



i5 21-fl 



M7022-18il04- 

_.::2-27io5 

a-175!22-37105' 
M77i22-*6|l06^ 
M7922-SG;107^ 
i-18122-65,107 
M84.22-75108 
4-782-1S6 22-85 109-2 
4-79 2- 18822 -94109 -9 



1-121! 

3194-t 

! -34 196-2 

" "5197-e 

7199-1 

1-19 200-9 

"1 202-7 

4203-3 

!-07205-S 

5-70207-( 

r-33208-( 

?-97210-C 

1211-8 

9-251213-2 

9-89^|215-l 

0-5 217-0 

1-2 218-2 

1-8 220-0 

5 221-7 

I 228-1 

e 22S-0 

4 226-7 

I ;22B-0 



235-0 
237-0 
238-( 



Square Roots, Cubes, Etc., of 



Length 



TABLK in. — HULTIFLIEM UsBD HI AfFLTINO T 

COUPARIBO!!— (eonlfniKiI). 



« 


I 


■Jl 


P 


P 


;... 


i 


1 1 


P' 


480 


4-80 


2-190 


23-04 


110 


6 242 


518 


■18|2-276;26-B3 ]39'0 


316 


481 


1-81 


2-193 


23-13 




3 244 


51fl 


■19 


2-278,2yy3 139 


8 


318 


462 


4-82 


2-196 


23-23 


112 


246 


£20 


■20 


2-28027-04 140 




320 


483 


4-83 


2-197 


23-33 


112 


6 247 


£21 


■21 


2-28227-14 141 


4 


323 


484 


4-84 


2-200 


23'42 


lis 


3 249 


522 


-22 


2 -284 27 -251 142 


2 


326 


486 


485 


i-202 


23-52 


114 


1251-5 


623 


-23 


2-287'27-35'143 





327 


4se 


4-86 


2-20* 


23-62 


114 


8 253 


624 


-24 


2- 289127 -46| 143 


8 


329 


487 


4-87 


2-206 


23-71 


115 


5 255 


526 


■25 


2-29i;27-56|144 


7 


331 


4Sa 




2-209 


?3-81 


116 


2256-5 


626 


■28 


2-29327-66 145 


5 


334 


4S9 


4-89 


2-211 


23-91 


116 


9 2S8-2 


627 


■27 


2-295127-77 146 


S 


336 


490 


4-90 


2-213 


24-01 


117 


6 200 


528 


'28 


2- 298^27 -88, 147 


2 


338 


4fll 


4-Ul 


2-21G 


24-11 


lis 




529 


-29 


2-300|27-98' 148 





340 


492 


4-92 


2-218 


24-20 


119 


26f 


530 


■SO 


2-30212S-09- 148 


8 


342 


483 




3-220 


24-30 


119 


8 266 


sai 


■SI 


2-304128-191149 


7 


345 


494 


4-94 


2-222 


24-40 


120 


5 268 


532 


■32 


2-80628-30 


150 


5 


347 


495 


4-95 


2-225 


24-60 


121 


3 270 


£33 


■33 


2-30828-41 


151 


4 


349 


496 


4-96 


2-227 


24-60 


122 


272 


634 


■34 


2-310'28-51 


162 


2 


352 


497 


4 '97 


2-229 


24-70 


122 


7 274 


53S 


■3512-313 28-62 


153 


1 


364 


4dS 


4-98 




24-80 


123 


5 275-6 




-S6(2-315i2M-73 


154 





356-6 


49S 


4-99 




24-90 


124 


2 277-6 


437 


-37:2-317128-83 


154 


8 


368 


SOO 


5-00 


2-236 


25-00 


125 


0279-5 


53S 


■382-31928-94 


165 


7 


361 


501 


S-01 


2'238 


26-10 


125 


7 281 




■392-32129-06 


156 


5 


363 


902 


5-02 


2-240 


25-20 


126 


5 288 


540 


■402-32429-16 


157 


4 


366 


503 


SOS 


2-242 


25-30 


127 


2 285 


541 


■412-326|29-27 


158 


3 


368 


504 


604 


2-24S 


25-40 


128 


2a7 


542 


■42 2-32829-37 


159 


2 


370 


50S 


5-05 


2-247 


26-60 


128 


7 289 


543 


-43 2 '330 29 -48 


160 


1 


373 


506 


5-oe 


a- 249 


25-00 


129 


5 291 


544 


■442-33229-69; 161 




375 


507 


5-07 


a- 251 


25-70 


130 




545 


■452-334!29-70|16i 


8 


377 


506 


5-08 


2-254 


25-80 


131 




546 


■462-33«|29^81 162 


7 


380 


aos) 


S-09 


2-238 


25 '91 


131 


8 297 


547 


■47a-339|29^92 163 


6 




510 


a- 10 


2-258 


3601 


132 




548 


■48 2-341 30-0:i 104 


5 


386 


5U 


5-11 




26- 11 


133 


4 301 


549 


■49Z-34330-14ll«5 


4 


387 


as 


5-12 




26-21 


134 


2 304 


550 


■502-345|30'25|166 


3 


390 


518 


5-13 


2-265 


26-31 


135 


306 


551 


■512^347|30-30 167 


3 


392 


514 


5-14 


2-267 


26-42 


135 


8 308 


552 


■52 2-349'30-47ll68 


2 


395 


615 


5-13 


2-26B 


26 '52 


136 


6 310 


553 1 


-5H2-351'30-58|169 


1 


3ff7 


5ie 


5-16 


2-271 


26-62 


137 


4 312 


654 


■542-353|30^69 170 





40Q 


517 


5-17 


2-274 


26-73 


138 


2 314 


655 


5-55\l-*^^-WS,Y\'4-^\'iSfl- 



52 Square Roots, Cubes ^ Etc, of 



Length 

lOO 



Table III. — Multiplibbs Used in Applying the Law op 

Comparison — (conitnii6(2). 



\ 


*3 o 


I 


VT 


P 


Z» 


Z»* 


at 


I Vz 


P 


I* 


z»» 




^^ 












CO g 














1 
556 


5-56 


2-368 


30-91 


171-8 


405 


594 


5-94 


2-437 


35-28 


209-5 


510 




557 


5 


•57 


2 


•360 


31 


•02 


172 


•8 


408 


695 


5 


952 


•439 


35 


40 


210 


•6 


513 




558 


5 


•582 


•362 


31 


•13 


173 


■7 


411 


596 


5 


•962 


44135 


52 


211 


•7 


516 




559 


5 


•59 2 


•364 


31' 


24 


174 


•6 


413 


597 


5 


•97|2 


44335 


64 


212 


•7 


519 




560 


5 


■eo 


2 


366 


31 


•36 


175 


6 


415 


598 


5 


•98,2' 


445 


35 


76 


213 


•8 


522 


t 


561 


5 


•61 


2 


368 


31' 


47 


176 


•5 


418 


599 


5 


•992 


447 


35 


-88 


214 


•9 


525 




562 


5 


•62 


2- 


370 


31" 


58 


177' 


•5 


421 


600 


6 


•002' 


449 


36 


00 


216 





529 




563 


5 


•63 


2' 


373 


31 


69 


178' 


4 


423 


601 


6' 


01 


2 


451 


36 


-12 


217' 





532 


} 


564 


5 


•64 


2- 


375 


31 


80 


179' 


'4 


426 


602 


6 


•02 


2' 


453 


36 


24 


218' 


1 


535 


■ 


565 


5 


•652" 


377 


31' 


92 


180' 


3 


429 


603 


6 


032' 


455 


36 


36 


219' 


2 


538 


!i 


566 


5 


•66 


2 


379 


32' 


03 


181' 


3 


431 


604 


6 


042' 


457 


36 


-48 


220 


3 


540 


■1 


567 


5 


•67 


2 


381 


32' 


•14 


182' 


2 


434 


605 


6' 


•05 


2 


45936 


60 


221 


•4 


644 


'i 
1 ■ 


568 


5 


•68 


2- 


383 


32 


26 


183' 


2 


436 


606 


6 


•06,2 


•461 


36 


-72 


222 


•5 


547 


M 
■ 1 


569 


5 


•69 


2- 


385 


32 


37 


184" 


2 


439 


607 


6 


•072' 


463136' 


-84 


223 


6 


550 


• 
1 1 


570 


5 


•70 


2- 


387 


32' 


•49 


185 


•2 


442 


608 


6 


•082' 


466 


36 


96 


224 


•7 


553 


1 ■ 


571 


5 


•71 


2- 


389 


32 


•60 


186 




445 


609 


6 


•092 


•468 


37 


-08 


225 


8 


656 


1 ■ 


572 


5 


•72 


2" 


391 


32' 


71 


187' 




447 


610 


6 


10,2 


•47037' 


21 


226' 


9 


660 


i 


573 


5 


•73 


2 


39332" 


83 


188 




450 


611 


6 


•I1I2 


•471 


37 


33 


228' 


1 


563 




674 


5 


•74 


2- 


39632 


94 


189 




453 


612 


6 


•12i2 


473 


37 


-45 


229 


•2 


567 




576 


5 


•75 


2 


398 


33 


•06 


190 




456 


613 


6 


•13 2 


476137 


-57 


230' 


3 


570 


■ 


676 


5 


•76 


2 


•40 


33 


•17 


191 




459 


614 


6 


•142' 


•478 


37' 


69 


231' 


4 


573 


, 


577 


5 


•77 


2 


402 


33 


•29 


192' 




461 


615 


6' 


152 


•480 


37 


-82 


232 


6 


576 


t 


578 


5 


•78 


2 


•404 


33 


•40 


193 




464 


616 


6 


•16i2 


-482 


37 


-94 


233' 


7 


580 




579 


5 


•79 


2 


•406 


33 


52 


194 




467 


617 


6 


•17,2 


•484 


38 


-06 


234 


•9 


583 




580 


5 


•80 


2 


•408 


33 


64 


195 




470 


618 


6 


•182 


-486 


38 


•19 


236' 





586 




681 


5 


•81 


2 


410 


33 


•75 


196 




473 


619 6 


•192 


•488:38' 
• 490138 • 


31 


237 


1 


590 




582 


5 


•82 


2' 


412 


33 


87 


197 




475 


620 6 


•202 


44 


238' 


4 


598 




583 


5 


•83 


2 


414 


33 


98 


198 




479 


621 |6 


•212 


-492,38 


•56 


239' 


4 


596 




584 


5 


•84 


2 


416 


34 


•10 


199 




481 


622 


6 


•22 2 


-49438' 


68 


240' 


6 


599 




585 


5 


•85 


2- 


418 34 


22 


200 


•2 


484 


623 


6 


232 


-496 38 


81 


241 


•8 


603 




586 


5 


86 


2" 


420|34 


34 


201 


•2 


486 


624 6 


24 2 


498i38 


93 


242 


•9 


606 




587 


5 


•87 


2 


422i34 


45 


202 


2 


489 


625 i6 


•2512 


-50 39 


•06 


244 


•1 


610 




588 


5 


•88 


2- 


425 34 


57 


203 


2 


492 


626,6 


•2612 


502 39 


18 


245 


3 


614 




589 


5 


'89 


2 


42734 


69 204 


3 


495 


627 6 


•27,2 


-504,39 


•31 


246 


5 


616 




590 


5 


•90 


2' 


429 


34 


81205 


•3 


498 


628 ;6 


•28 


2 


50639 


•43; 247 


•6 


620 




591 


5 


•91 


2- 


431 


34 


92206 


4 


501 


629 


6 


29:2 


- 508139 


•56 


248 


8 


624 




592 


5 


•92 


2 


43335 


04 207 


4 


505 


630 6 


302 


-510,39 


69 


250' 





627 


/^^S/J ■93)2 ' 435'35 • 16J208 • 5 


508 


631 '6 -312 -512 39 -81 

1 i 1 


251-2 


630 



S^are Jioois, Cudts, Etc., of 



Length 



TaBLI in. — UtTLTIFLIBBI USED IN ApFLTTHG TOE LAW OT 



^1 


V7 


" ! ' 


;... 


If 


' 


VT 


P 


P 


(I. 


632 G32 


2-514 


39-941252-4 


635 


671 


6:^1 


2-590 


45-02 


302-1 


782 


683 6'3a 


2-518 


« -061253- 6 


638 


672 


6-72 


2-592 4515 


303-4 


786 


634 6-31 


2-618 


«■ 191254 -8 


611 


673 


S-73 


Z-59* 45-29 


304-8 


700 


635;6-35 


IJ-520 


40-32256-0 


G15 


674 


B-74 


2-69645-12 


308-1 


7951" 


68fi,6-36 


2-521 


40-45 257-2 


648 


675 


6-75 


2-59845-56 


307-5 


7991- 


fi37!6'37 


2-523 


40- 57 258-4 


652 


676 


6-76 


2-6O0!45-69 


308-9 




638 6'38 


2-525 


10 -701259 -7 


655 


677 


6-77 


2 ■601145-83 


310-2 


807 


633 6-39 2-527 


*0-S3;260-9 


659 


678 


6-78 


2-603:45-96 


311-6 


811 


MO 16 -4012 -528 


to- 961-262-1 


662 


679 


6-79 


2-605 


46-10 


313-0 


816 


641 641 


2-531 


H- 08^263 -3 


666 


680 


6-80 


2-607 


46-24 


311-1 


819 


6i3 6-42 


2-533 


« ■211264-6 


670 


681 


8-81 


2-609 


46-37 


315-8 




648«-4» 


2-535 


41 -34^265- 8 


674 


682 


6-82 


a-6ii 


46-51 


317-2 


828 


644 6-44 


2-537 


41 -471267-0 


677 




6 -8:1 


2'613 


46-64 


318-6 


83S 


64S 8-45 


2'53S 


41-60l268-3 


681 


684 


6-84 


2615 


40-78 


320-0 


837 


64B 6-40 


2-541 


41-73 




685 


685 


6-85 


2-617 


46-92 


321-4 


641 


647 e-47 


2-543 


41-86 


270-8 


688 


686 


6-8f) 


2-619 


47-00 


322-8 


eis 


648 6-48 


2-545 


11-99 


272-1 


692 


687 


8-B7 


2-621 


47-19 


324-2 


849 


6*9 e-49 


2-547 


12-12 


273-3 


696 


688 


6-SH 


2-623 


47-33 


325-0 




650 6-5a 


2-549 


12-25 


274-6 






6-89 


2-625 


47-47 


327-0 


858 


651 6'51!2'55l 


12-38:2-5-9 


704 


890 


6-90 


2-626 


47-61 


S28-5 


862 


652 6'52:2-553 


12-51277-1 


707 


691 


6-91 


2-628 


47-71 


329-9 


866 


653 e- 53 •^■555 


12-64 278-4 


711 


692 


6-92 


2-630 


47-88 


331-3 


871 


654 fi-54;i-557 


i2-77|279-7 


715 




6-93 


2-632 


48-02 


332-8 


876 


655 6-riSi2'559 


12-90!281-0 
13-03282-3 


719 


694 


6-94 


2-634 


48- lb 


334-2 


880 


656 6-562-5B1 


723 


695 


6-95 


2-636 


48-30 


335-7 


885 


657 ,6-572-563 


13-16288-5 


726 


606 




2-638 


48-44 


337-1 


B90 


658,6-58N-56fl 


13 -281264- 9 


rdo 


697 6-97 


2-610 


48-58 




891 


6o9 6-5!li2-567 


13' 421286 -2 


731 


698 6-9^ 


2-612 


18-72 


340-0 


898 


6GO6-t)0!2-5e3 


13' 56 287-5 


738 


699 


8-99 


2-644 


18-86 


341-6 


903 


661 6-6!'2-57i 


43-6928S'8 


711 


700 


7-00 


2-045 


19-00 


343-0 


907 


6G2 6e22-573 




716 


705 


7-05 






350-4 


931 


063 16 -63 




13 -95^291 -4 


750 


710 


7-10 






357-9 


953 


664 6-64 


l!-57( 


14-09 


2B2-7 


754 


715 


7-15 






365-5 


978 


(165 6-65 


2-578 


14-22 


2940 


767 


720 


7-20 






373-2 


1002 


66616-66 


2-580 


41-35 


295-4 


761 


725 


7-25 






381-0 


1028 


667 6-67 


2-582 


44-48 


296-7 


760 


730 


7-30 






389-0 


1060 


668 6-68 


2-584 


M-62 


298-0 


770 


735 


7-85 






39f-0 


1076 


669 6-69 


2 -586 


M- 751299 -4 


774 


760 


7-iU 






438-97 


1208 


670 e-70 


2-588 


14-89'300-7 


778 
















Two- Thirds Powers of Numbers. 



TABLE IV. — Two-Thirds. Powbbs op Numbebs. 



S'umber 


|rd 


Number 


|rd 


Number 


ird 


Number 


jrd 




power 




power 




power 




power 


2 


1-58 


41 


11-9 


80 


18-55 


290 


43-81 


3 


2-08 


42 


12-1 


81 


18-72 


300 


44- 


81 


4 


2-519 


43 


12-27 


82 


18-87 


310 


45- 


80 


5 


2-924 


44 


12-48 


83 


19-05 


320 


46- 


78 


6 


3-302 


45 


12-65 


84 


19-2 


330 


47- 


75 


7 


3-659 


46 


12-86 


85 


19-31 


340 


48- 


71 


8 


4-00 


47 


13-03 


86 


19-45 


350 


49- 


66 


9 


4-326 


48 


13-2 


87 


19-65 


360 


50- 


61 


10 


4-641 


49 


13-4 


88 


19-8 


370 


51- 


54 


11 


4-946 


50 


13-58 


89 


19 95 


380 


52' 


46 


12 


5-241 


51 


13-75 


90 


20-1 


390 


53' 


38 


13 


5-528 


52 


13-93 


91 


20-25 


400 


54 


29 


14 


5-808 


53 


14-11 


92 


20-4 


410 


55- 


"19 


15 


6 082 


54 


14-3 


93 


20-52 


420 


56- 


•08 


16 


6-349 


55 


14-46 


94 


20-66 


430 


56 


■97 


17 


6-611 


56 


14-65 


95 


20-81 


440 


57 


85 


18 


6*868 


57 


14-8 


96 


20-95 


450 


58 


"72 


19 


7-12 


58 


14-98 


97 


21-1 


460 


59 


59 


20 


7-368 


59 


15-15 


98 


21-25 


470 


60 


45 


21 


7-611 


60 


15-33 


99 


21-4 


480 


61 


•30 


22 


7-851 


61 


15-5 


100 


21-54 


490 


62 


15 


23 


8-087 


62 


15-68 


110 


22-96 


500 


62 


•99 


24 


8-320 


63 


15-83 


120 


24-33 


510 


63 


•83 


25 


8-549 


64 


16-0 


180 


25-66 


520 


64 


•66 


26 


8-776 


65 


16-17 


140 


26-96 


530 


65 


•49 


27 


9-00 


66 


16-35 


150 


28-23 


540 


66 


•31 


28 


9-22 


67 


16-5 


160 


29-47 


550 


67 


•13 


29 


9-439 


68 


16-67 


170 


30-69 


560 


67 


•94 


30 


9-654 


69 


16-83 


180 


31-88 


570 


68 


•74 


31 


9-868 


70 


16-98 


190 


33 05 


580 


69 


•54 


32 


10-08 


71 


17-15 


200 


34-21 


590 


70 


•34 


33 


10-28 


72 


17-3 


210 


35-33 


600 


71 


■13 


34 


10-49 


73 


17-46 


220 


36-44 


610 


71 


•92 


35 


10-70 


74 


17-67 


230 


37-54 


620 


72 


•71 


36 


10-90 


75 


17-8 


240 


38-62 


630 


73 


•49 


37 


11-10 


76 


17-93 


250 


39-68 


640 


74 


■26 


38 


11-30 


77 


18-1 


260 


40-74 


650 


75 


•03 


39 


11-5 


78 


18-25 


270 


41-78 


660 


75 


•80 


40 


11-7 


79 


18-41 


280 


42-80 


670 


76-57 
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Table IV. — Two-Thirds Powers op Numbers— (con^tntied). 



Number 


|rd 


N amber 


ird 


Number 


.3rd 


Number 


|rd 


680 


power 


1070 


power 
104-61 




power 
128-69 


1850 


power 
150-70 


77-33 


1460 


690 


78-08 


80 


105 


26 


70 


129 


28 


60 


151 


•24 


700 


78-84 


90 


105- 


91 


80 


129' 


•87 


70 


151 


•78 


710 


79-59 


1100 


106' 


56 


90 


130 


45 


80 


152 


•32 


720 


80-33 


10 


107 


20 


1500 


131" 


03 


90 


152 


•86 


730 


81-07 


20 


107' 


85 


10 


131 


•61 


1900 


153 


•40 


740 


81-81 


30 


108- 


49 


20 


132 


•19 


10 


153 


-94 


750 


82-55 


40 


109' 


13 


30 


132 


77 


20 


154 


•47 


760 


83-28 


1150 


109 


76 


40 


133 


35 


30 


155 


•01 


770 


84-01 


60 


110' 


'40 


1550 


133 


■93 


40 


155 


54 


780 


84-73 


70 


HI 


03 


60 


134 


50 


1950 


156 


•08 


790 


85-46 


80 


111' 


67 


70 


135 


•08 


60 


156 


•61 


800 


86-18 


90 


112' 


30 


80 


135 


65 


70 


157' 


•14 


810 


86-89 


1200 


112' 


'92 


90 


136 


23 


80 


157 


•68 


820 


87-61 


10 


113 


•55 


1600 


136 


80 


90 


158- 


21 


880 


88-32 


20 


114' 


17 


10 


137 


•37 


2000 


158 


74 


840 


89 03 


30 


114 


80 


20 


137 


•93 


20 


159' 


79 


850 


89-73 


40 


115' 


42 


30 


138 


50 


40 


160 


84 


860 


90-43 


1250 


116' 


04 


40 


139- 


•06 


60 


161' 


•89 


870 


91 13 


60 


116' 


66 


1650 


139 


63 


80 


162 


94 


880 


91-83 


70 


117 


•27 


60 


140" 


19 


2100 


163- 


99 


890 


92-52 


80 


117' 


89 


70 


140- 


75 


20 


165' 


02 


900 


93-22 


90 


118 


50 


80 


141' 


•32 


40 


166 


05 


910 


93-91 


1300 


119' 


11 


90 


141' 


88 


60 


167' 


09 


920 


94-59 


10 


119' 


72 


1700 


142- 


44 


80 


168 


12 


930 


95-28 


20 


120' 


33 


10 


143- 


00 


2200 


169' 


15 


940 


95-96 


30 


120 


94 


20 


143- 


55 


20 


170' 


•17 


950 


96-64 


40 


121' 


•55 


30 


144 


11 


40 


171 


19 


960 


97-32 


1350 


122' 


15 


40 


144- 


66 


60 


172' 


•20 


970 


97-99 


60 


122 


75 


1750 


145 


22 


80 


173' 


22 


980 


98-66 


70 


123 


35 


60 


145 


77 


2300 


174' 


24 


990 


99-33 


80 


123 


95 


70 


146' 


32 


20 


175' 


24 


lOOO 


100-00 


90 


124 


55 


80 


146' 


87 


40 


176' 


25 


10 


100-66 


1400 


126' 


•14 


90 


147- 


42 


60 


177 


25 


20 


101-33 


10 


125 


74 


1800 


147- 


97 


80 


178' 


26 


30 


101-99 


20 


126 


33 


10 


148' 


52 


2400 


179' 


26 


40 


102-65 


30 


126' 


•92 


20 


149- 


06 


20 


180' 


25 


1050 


103-30 


40 


127 


51 


30 


149 


•61 


40 


181' 


24 


60 


103-96 


1450 


128 


10 


40 


150-15 


GO 


182-23 \ 
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\ 


\ 
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Table IV.— Two-Thiriw Powbus op Numbebs — (con<tfiti«d). 



N^nmber 


im 


Number 


jrd 


Number 


ird 


Number 


•rd 




power 




power 
219-85 




power 




power 
285-33 


2480 


183-22 


3260 


4040 


253-65 


4820 


2500 


184' 


20 


80 


220' 


75 


60 


254' 


49 


40 


286 


•11 


20 


185- 


18 


3300 


221 


65 


80 


265 


33 


60 


286 


•90 


40 


186" 


16 


20 


222' 


'54 


4100 


256 


16 


80 


287 


•68 


60 


187- 


14 


40 


223' 


44 


20 


257' 


•00 


4900 


288 


•47 


80 


188" 


11 


60 


224' 


34 


40 


257' 


•83 


20 


289 


•26 


2600 


189" 


08 


80 


225 


22 


60 


258 


67 


40 


290 


■05 


20 


190" 


05 


3400 


226 


11 


80 


259 


49 


60 


290 


•84 


40 


191' 


02 


20 


226 


99 


4200 


260 


•31 


80 


291 


•62 


60 


191- 


98 


40 


227 


•88 


20 


261 


14 


5000 


292 


40 


80 


192' 


93 


60 


228 


76 


40 


261' 


•96 


50 


294 


•34 


2700 


193' 


89 


80 


229 


64 


60 


262- 


•78 


5100 


296 


•27 


20 


194 


•85 


3500 


230 


•52 


80 


263 


•60 


50 


298 


•21 


40 


195 


80 


20 


231 


40 


4300 


264' 


•42 


5200 


300 


•15 


60 


196' 


75 


40 


232 


27 


20 


265 


•24 


50 


302 


•06 


80 


197 


"71 


60 


233 


•14 


40 


266 


•06 


5300 


303 


•98 


2800 


198' 


66 


80 


234 


02 


60 


266 


'87 


50 


305 


•89 


20 


199 


•60 


3600 


234 


•89 


80 


267 


•69 


5400 


307 


•80 


40 


200 


54 


20 


235 


'76 


4400 


268 


•51 


50 


309 


•68 


60 


201 


•48 


40 


236 


•62 


20 


269 


32 


5500 


311 


•58 


80 


202 


•42 


60 


237 


49 


40 


270 


■13 


50 


313 


•46 


2900 


203 


•35 


80 


238 


•36 


60 


270 


■95 


5600 


315 


34 


20 


204 


•28 


3700 


239 


22 


80 


271 


■76 


50 


317 


•21 


40 


205 


•22 


20 


240 


•08 


4500 


272 


■56 


5700 


319 


•09 


60 


206 


•15 


40 


240 


■98 


20 


273 


•37 


50 


320' 


•95 


80 


207 


•08 


60 


241 


•80 


40 


274 


•17 


5800 


322 


•81 


3000 


208 


01 


80 


242 


•65 


60 


274 


•98 


50 


324 


•66 


20 


208 


•93 


3800 


243 


■51 


80 


275 


■78 


5900 


326 


•51 


40 


209 


•85 


20 


244 


•36 


4600 


276 


58 


50 


328 


•35 


60 


210 


•76 


40 


245 


•22 


20 


277 


39 


6000 


330 


•19 


80 


211 


•68 


60 


246 


•07 


40 


278' 


■19 


50 


332 


•02 


3100 


212 


59 


80 


246 


•97 


60 


278' 


■99 


6100 


333 


•85 


20 


213 


51 


3900 


247 


•76 


80 


279' 


78 


50 


335 


•67 


40 


214' 


•42 


20 


248 


•61 


4700 


280' 


58 


6200 


337 


•49 


60 


215 


33 


40 


249 


45 


20 


281' 


38 


50 


339 


•30 


80 


216 


24 


60 


250 


29 


40 


282' 


17 


6300 


341' 


•11 


3200 


217 


15 


80 


251' 


41 


60 


282- 


96 


50 


342' 


'91 


20 


218 


•05 


4000 


251' 


98 


80 


283- 


76 


6400 


344' 


•71 


40 

/ 


218-95 


20 


252-82 


4800 


284-55 


50 


346 


50 
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Table IV. — Two-Thibds Powebs of Numbers — (oonttn««c/). 



Namber 


ird 


Number 


ird 


Namber 


ird 


Number 


ird 


6500 


power 




poorer 
414-85 


10,800 


power 
488-60 




power 


348' 


29 


8,450 


14,700 


600-07 


50 


350' 


07 


8,500 


416 


•49 


900 


491 


•61 


800 


602 


•80 


6600 


351" 


85 


50 


418 


12 


11,000 


494 


•61 


900 


605 


•51 


50 


353 


"62 


8,600 


419 


•75 


100 


497 


•60 


15,000 


608' 


22 


6700 


355 


•39 


50 


421 


37 


200 


500' 


•58 


100 


610 


•91 


60 


357 


•16 


8,700 


423 


00 


300 


503 


56 


200 


613 


57 


6800 


358' 


'93 


50 


424' 


62 


400 


506 


■53 


300 


616 


22 


50 


360- 


•68 


8,800 


426 


24 


500 


509 


48 


400 


619 


•00 


6900 


362 


•43 


50 


427 


•85 


600 


512 


43 


500 


621 


6 


50 


364 


•18 


8,900 


429' 


46 


700 


515 


•38 


600 


624 


•3 


7000 


365 


93 


50 


431' 


06 


800 


518 


•31 


700 


626 


•9 


50 


367' 


67 


9,000 


432 


67 


900 


521 


23 


800 


629 


6 


7100 


369 


•41 


50 


434- 


27 


12,000 


524 


15 


900 


632 


2 


50 


371 


•13 


9,100 


435' 


86 


100 


527 


•05 


16,000 


634 


9 


7200 


372 


•86 


50 


437' 


45 


200 


529' 


•95 


100 


637' 


•6 


50 


374 


•58 


9,200 


439 


04 


300 


532 


88 


200 


640 


•1 


7300 


376 


•31 


50 


440' 


64 


400 


635 


72 


300 


642' 


•9 


50 


378 


•02 


9,300 


442 


•23 


500 


538 


60 


400 


615' 


4 


7400 


379 


•74 


50 


443 


•82 


600 


541 


48 


500 


648' 


1 


50 


381 


•44 


9,400 


445' 


40 


700 


544' 


34 


600 


650' 


6 


7500 


883 


•15 


50 


446 


•97 


800 


547 


•20 


700 


653' 


2 


50 


384 


•85 


9,500 


448' 


54 


900 


550 


04 


800 


655' 


9 


7600 


386 


55 


50 


450' 


11 


13,000 


552 


•88 


900 


658' 


5 


50 


388 


•24 


9,600 


451' 


68 


100 


555' 


70 


17,000 


661' 


1 


7700 


389 


•93 


60 


453 


25 


200 


558 


•53 


100 


663' 


7 


50 


391' 


62 


9,700 


454' 


82 


300 


561' 


35 


200 


666' 


2 


7800 


393- 


'30 


50 


456' 


39 


400 


564' 


16 


300 


668' 


9 


50 


394- 


98 


9,800 


457' 


95 


500 


566' 


96 


400 


671- 


•4 


7900 


396' 


66 


50 


459' 


50 


600 


569' 


76 


500 


674' 





50 


398' 


33 


9,900 


461' 


06 


700 


572' 


54 


600 


676' 


5 


8000 


400' 


00 


50 


462' 


61 


800 


575- 


33 


700 


679' 


1 


50 


401' 


66 


10,000 


461' 


16 


900 


678' 


10 


800 


681' 


6 


8100 


403' 


32 


100 


467' 


25 


14,000 


580' 


88 


900 


684' 


2 


50 


404 


•97 


200 


470' 


33 


100 


583' 


63 


18,000 


686' 


8 


8200 


406' 


63 


300 


478' 


39 


200 


586 


•38 


100 


689' 


3 


50 


408 


28 


400 


476' 


44 


300 


589' 


13 


200 


691- 


'9 


8300 


409 


•93 


500 


479' 


49 


400 


591' 


88 


300 


694' 


4 


50 


411 


•67 


600 


482' 


54 


500 


594' 


61 


400 


696' 


9 


8400 


413 


•22 


700 


485 


57 


600 


597' 


'34 


500 


i ^^^• 


^ 












\ 
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Table IV. — Two-TniRDa Powers op Numbers— (conitntieci). 



Number 


|rd 


Number 


jrd 


Number 


|id 


Number 


ifrd 


18,600 


power 




power 




power 


30,800 


power 


702-0 


22,500 


797 


26.400 


886-6 


971-9 


700 


704 


•5 


600 


799 


•4 


500 


888 


•9 


400 


974' 





800 


707 


•0 


700 


801 


•9 


600 


891 


•0 


500 


976' 


2 


900 


709 


5 


800 


804 





700 


893 


•4 


600 


978' 


3 


19,000 


712 


"1 


900 


806 


4 


800 


895 


•5 


700 


980' 


4 


100 


714 


•6 


23,000 


808' 


8 


900 


897 


•8 


800 


982 


5 


200 


717 


•0 


100 


811 


1 


27,000 


900' 





900 


984' 


6 


300 


719 


•5 


200 


813 


4 


100 


902 


■2 


31,000 


986' 


8 


400 


722 


•0 


300 


815 


•8 


200 


904' 


4 


100 


988' 


9 


500 


724 


•5 


400 


818 


1 


300 


906' 


6 


200 


991' 


1 


600 


727 


•0 


500 


820 


•4 


400 


908 


•9 


300 


993' 


•1 


700 


729 


4 


600 


822' 


8 


500 


911' 


1 


400 


995" 


2 


800 


731 


"9 


700 


825 


•1 


600 


913 


3 


500 


997" 


4 


900 


734 


■4 


800 


827 


■4 


700 


915' 


5 


600 


999' 


5 


20,000 


736 


•8 


900 


829 


'7 


800 


917 


•5 


700 


1001' 


6 


100 


739 


3 


24,000 


832 


•0 


900 


919 


'9 


800 


1003" 


7 


200 


741 


9 


100 


834 


3 


28,000 


922' 


•1 


900 


1005' 


8 


300 


744 


•2 


200 


836 


"6 


100 


924 


•4 


32,000 


1007- 


9 


400 


746 


'6 


300 


838 


•9 


200 


926 


5 


100 


1010- 





500 


749 


■1 


400 


841 


•2 


300 


928 


•6 


200 


1012' 





600 


751 


•5 


500 


843 


•6 


400 


930 


•9 


300 


1014- 


2 


700 


753' 


•9 


600 


845 


•9 


500 


933 


•1 


400 


1016" 


3 


800 


756" 


•4 


700 


848 


1 


600 


935 


"1 


500 


1018' 


4 


900 


758 


"7 


800 


850 


■5 


700 


937 


•4 


600 


1020 


21,000 


761 


•1 


900 


852 


•9 


800 


939' 


•6 


700 


1022 


100 


763' 


9 


25,000 


855 


•0 


900 


941 


•9 


800 


1024 


200 


766' 





100 


857 


3 


29,000 


944 


•0 


900 


1026 


300 


768' 


•4 


200 


859 


•6 


100 


946' 


•1 


33,000 


1028 


400 


770 


"7 


300 


861 


•9 


200 


948' 


3 


100 


1030 


500 


773' 


4 


400 


864 


•1 


300 


950 


4 


200 


1033 


600 


775 


6 


500 


866 


•3 


400 


952' 


6 


300 


1035 


700 


778' 





600 


868 


6 


500 


954' 


9 


400 


1037 


800 


780" 


3 


700 


870 


9 


600 


956' 


9 


500 


1039 


900 


782' 


8 


800 


873' 


1 


700 


959- 





600 


1041 


22,000 


785' 


2 


900 


875 


4 


800 


961' 


3 


700 


1043 


100 


787' 


5 


26,000 


877 


7 


9C0 


963' 


3 


800 


1045 


200 


789' 


9 


100 


880 





30,000 


965' 


4 


900 


1047 


300 


792- 


2 


200 


882" 


1 


100 


967' 


•6 


34,000 


1049 


400 

/ 


794-6 


300 


884*4 


200 


969-7 


100 


1051 
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Table IV. — Two-Thibds Powers op Numbebs — {ponivnutd). 



Number 


|rd 


Number 


«rd 


Number 


|rd 


Number 


.|rd 






power 


38,100 


power 


42,000 


power 
1208 




power 




34,200 


1053 


1132 


45,900 


1282 




300 


1055 


200 


1134 


100 


1210 


46,000 


1284 




400 


1057 


300 


1136 


200 


1211 


100 


1286 




500 


1059 


400 


1138 


300 


1213 


200 


1287 




600 


1061 


500 


1140 


400 


1215 


300 


1289 




700 


1063 


600 


1142 


500 


1217 


400 


1291 




800 


1065 


700 


1144 


600 


1219 


500 


1293 




900 


1068 


800 


1146 


700 


1221 


600 


1295 




35,000 


1070 


900 


1148 


800 


1223 


700 


1296 




100 


1072 


39,000 


1150 


900 


1225 


800 


1298 




200 


1074 


100 


1152 


43,000 


1227 


900 


1300 




300 


1076 


200 


1154 


100 


1229 


47,000 


1302 




400 


1078 


300 


1155 


200 


1231 


100 


1304 




500 


1080 


400 


1157 


300 


1232 


200 


1306 




600 


1082 


500 


1159 


400 


1234 


300 


1308 




700 


1084 


600 


1161 


500 


1237 


400 


1310 




800 


1086 


700 


1163 


600 


1239 


500 


1312 




900 


1088 


800 


1165 


700 


1241 


600 


1313 




36,000 


1090 


900 


1167 


800 


1242 


700 


1315 




100 


1092 


40,000 


1169 


900 


1244 


800 


1317 




200 


1094 


100 


1171 


44,000 


1246 


900 


1319 




300 


1096 


200 


1173 


100 


1248 


48,000 


1321 




400 


1098 


300 


1175 


200 


1250 


100 


1323 




500 


1100 


400 


1177 


300 


1252 


200 


1324 




600 


1102 


500 


1179 


400 


1254 


300 


1326 




700 


1104 


600 


1181 


500 


1255 


400 


1328 




800 


1106 


700 


1183 


600 


1257 


500 


1330 




900 


1108 


800 


1185 


700 


1259 


600 


1332 




37,000 


1110 


900 


1187 


800 


1261 


700 


1334 




100 


1112 


41,000 


1189 


900 


1263 


800 


1335 




200 


1114 


100 


1190 


45,000 


1265 


900 


1337 




300 


1116 


200 


1192 


100 


1267 


49,000 


1339 




400 


1118 


300 


1194 


200 


1269 


100 


1341 




500 


1120 


400 


1196 


300 


1271 


200 


1343 




600 


1122 


500 


1198 


400 


1273 


300 


1344 




700 


1124 


600 


1200 


500 


1275 


400 


1346 




800 


1126 


700 


1202 


600 


1276 


500 


1348 




900 


1128 


800 


1204 


700 


1278 


600 


1350 




38,000 


1130 


900 


1206 


800 


1280 


700 


1352 


















\ \ 
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Table IV. — Two-Thibds Powers of Nuubebs— (con<tn««cQ 



Number 


ird 


Number 


jid 


Number 


;rd 


Number 


i" 


49,800 


power 


53,500 


power 




power 




powi 


1354 


1420 


57,200 


1485 


60,900 


154^ 


900 


1355 


600 


1422 


300 


1486 


61,000 


155( 


50,000 


1357 


700 


1423 


400 


1488 


100 


155] 


100 


1359 


800 


1425 


500 


1490 


200 


1552 


200 


1361 


900 


1427 


600 


1492 


300 


155i 


300 


1363 


54,000 


1429 


700 


1493 


400 


155( 


400 


1364 


100 


1430 


800 


1495 






500 


1366 


200 


1432 


900 


1497 






600 


1368 


300 


1434 


58,000 


1499 






700 


1370 


400 


1436 


100 


1500 






800 


1372 


500 


1438 


200 


1502 






900 


1374 


600 


1439 


300 


1504 






51,000 


1375 


700 


1441 


400 


1506 






100 


1377 


800 


1443 


500 


1508 






200 


1379 


900 


1445 


600 


1509 






300 


1381 


55,000 


1446 


700 


1510 






400 


1383 


100 


1448 


800 


1512 






500 


1384 


200 


1450 


900 


1514 






600 


1386 


300 


1452 


59,000 


1516 






700 


1388 


400 


1453 


100 


1517 






800 


1390 


500 


1455 


200 


1519 






900 


1391 


600 


1457 


300 


1521 






52,000 


1393 


700 


1458 


400 


1523 






100 


1395 


800 


1460 


500 


1524 






200 


1397 


900 


1462 


600 


1526 






300 


1398 


56,000 


1464 


700 


1528 






400 


1400 


100 


1466 


800 


1530 






500 


1402 


200 


1467 


900 


1531 






600 


1404 


300 


1469 


60,000 


1533 






700 


1406 


400 


1471 


100 


1534 






800 


1407 


500 


1473 


200 


1536 


, 




900 


1409 


600 


1475 


300 


1538 






53,000 


1411 


700 


1476 


400 


1539 






100 


1413 


800 


1478 


500 


1541 






200 


1414 


900 


1480 


600 


1543 






300 


1416 


57,000 


1482 


700 


1545 






400 


1418 


100 


1483 


800 


1546 
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Table IV. — Two-Thirds Powers of Numbers— (oonttnuecZ). 



Number 


|rd 


Nnmber 


frd 


Number 


jrd 


Nomber 


|rd 


49,800 


power 


53,500 


power 




power 




power 


1354 


1420 


57,200 


1485 


60,900 


1548 


900 


1355 


600 


1422 


300 


1486 


61,000 


1550 


50,000 


1357 


700 


1423 


400 


1488 


100 


1551 


100 


1359 


800 


1425 


500 


1490 


200 


1553 


200 


1361 


900 


1427 


600 


1492 


300 


1555 


300 


1363 


54,000 


1429 


700 


1493 


400 


1556 


400 


1364 


100 


1430 


800 


1495 






500 


1366 


200 


1432 


900 


1497 






600 


1368 


300 


1434 


58,000 


1499 






700 


1370 


400 


1436 


100 


1500 






800 


1372 


500 


1438 


200 


1502 






900 


1374 


j600 


1439 


300 


1504 






51,000 


1375 


700 


1441 


400 


1506 






100 


1377 


800 


1443 


500 


1508 






200 


1379 


900 


1445 


600 


1509 






300 


1381 


55,000 


1446 


700 


1510 






400 


1383 


100 


1448 


800 


1512 






500 


1384 


200 


1450 


900 


1514 






600 


1386 


300 


1452 


59,000 


1516 






700 


1388 


400 


1453 


100 


1517 






800 


1390 


500 


1455 


200 


1519 






900 


1391 


600 


1457 


300 


1521 






52,000 


1393 


700 


1458 


400 


1523 






100 


1395 


800 


1460 


500 


1524 






200 


1397 


900 


1462 


600 


1526 






300 


1398 


56,000 


1464 


700 


1528 






400 


1400 


100 


1466 


800 


1530 






500 


1402 


200 


1467 


900 


1531 






600 


1404 


300 


1469 


60,000 


1533 






700 


1406 


400 


1471 


100 


1534 






800 


1407 


500 


1473 


200 


1536 


, 




900 


1409 


600 


1475 


300 


1538 






53,000 
100 


1411 


700 


1476 


400 


1539 






1413 


800 


1478 


500 


1541 






200 


1414 


900 


1480 


600 


1543 






300 


1416 


57,000 


1482 


700 


1545 






400 


1418 


100 


1483 


800 


1546 
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TABLE VI. 

Powers of Numbers (powers op speed in knots) (taken prom curve) 

FOR Calculations of Skin Frictional Besistancb and Skin H.P. 





No. 
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2-94 
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2-83 


No 


1*94 


2-94 
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power 
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267-0 


32 


5 


216 




2 


6 


6 


383 


16-6 


5' 


75 






6 


8 


41 


2 


280 


33 


3 


227 




2 


•7 


6 


•85 


18-47 


6' 


15 






6" 


9 


42 


4 


290 


34 


3 


237 




2 


'8 


7 


•38 


20-65 


6 


59 






7" 





43 


6 


305 


35 


3 


247 




2 


•9 


7 


•9 


22-94 


7' 









7' 


1 


45- 





315 


36 


1 


255 




3 


•0 


8 


44 


25-3 


7" 


47 


22 


-45 


7" 


2 


45 


8 


331 


37' 





268 




3 


•1 


9 


•0 


27-y 


7 


•96 


24 


•25 


7 


3 


48' 


1 


343 


38 


•0 


277 




3 


'2 


9 


•55 


30-6 


8 


41 


26 


•75 


7" 


4 


48' 


9 


357 


38' 


5 


288 




3 


•3 


10 


1 


33-3 


8 


92 


29 


•25 


7' 


5 


49 


8 


373 


39 


9 


301 




3 


4 


10 


•72 


36*6 


9 


40 


31 


•75 


7- 


6 


51 





386 


40' 


8 


310 




3 


•5 


11 


3 


39-5 


9 


92 


34 


•6 


7" 


7 


52' 


3 


400 


41' 


8 


320. 




3 


•6 


12 


•0 


43-3 


10 


45 


37 


•75 


7- 


8 


53- 


6 


417 


42 


7 


335 




3 


•7 


12 


•61 


46-6 


10 


95 


40 


•55 


7" 


9 


55' 





432 


43- 


7 


347 




3 


•8 


13 


•3 


50-5 


11 


5 


43 


•64 


8' 





56' 


2 


450 


44. 


7 


359 




3 


•9 


13 


96 


54-5 


12 


•08 


47 


•3 


8' 


1 


57 


8 


468 


45- 


8 


370 




4 


•0 


14 


•72 


590 


12 


66 


50 


-5 


8- 


2 


59' 





483 


46' 


9 


383 




4 


1 


15 


•45 


63-2 


13 


22 


54 


•45 


8' 


3 


60' 


4 


502 


47 


9 


399 




4 


2 


16 


2 


67-8 


13 


8 


57 


•8 


8' 


4 


61- 


7 


520 


48' 


9 


410 




4 


3 


16 


9 


72-6 


14" 


43 


62 


•1 


8' 


5 


63' 





538 


50' 





425 




4 


4 


17 


7 


77-8 


15' 


02 


66 


•2 


8 


6 


64' 


7 


560 


51 


2 


441 




4- 


5 


18 


5 


83-2 


15' 


65 


70 


•6 


8' 


7 


66' 





575 


52 


1 


455 




4- 


6 


19' 


3 


88-9 


16- 


3 


74 


•75 


8 


8 


67 


5 


594 


53 


•25 


470 




4 


7 


20- 


1 


94-4 


17- 





79 


•7 


8 


9 


69' 





615 


54 


5 


485 




4 


8 


21 





101-0 


17- 


7 


84 


•4 


9 





71' 





636 


55 


•7 


501 




4- 


9 


21- 


9 


107-2 


18 


39 


89 


•9 


9 


1 


72 


2 


658 


56 


•8 


517 


/ 


5-0 


22-7 


114 


19 


01 


95-3 


9 


2 


73 


7 


680 


58 


•0 


534 


3-. 


[_J 


i3' 


5 


120-2 


J9-7 


101 


9-3 


755 


702 


59-0 


549 



I • 94 and 2 • 83 Powers of Numbers. 45 



Table VI. — Powers of Numbers (powers op speed in knots) 

(taken prom curve) for Calculations op Skin Frictional 

Resistance and Skin H.P.^con/M»u«d). 



No 


1-94 


2-94 


1-83 


2-83 


^„ 1 1-94 ; 2-94 1*83 ; 2-83 




A.^\/» 


power 


power 
725 


power 


power 
569 


^^' power 

1 *^ 


power 
2140 


power 


power 




9 


•4 


77-0 


60-4 


13 


6 .. 


• • 


1600" 




9 


•5 


78-5 


748 


61-6 


585 


13 


•7 .. 


2188 ; . . 


1637 




9 


•6 


80-0 


771 


62-7 


602 


13 


'8 .. 


2232 , . . 


1670 




9 


•7 


81-7 


795 


63-9 


620 


13' 


9 .. 


2280 


1705 




9 


"8 


83-6 


823 


65-1 


641 


14 


167 


-2 2330 , 125-2 


1740 




9' 


9 


85-0 


840 


66-2 


658 


14 


•5 


• 






133-4 


1935-0 




10 





86-6 


867 


67-7 


675 


15 


.. 


« 1 • 


. 1420 


2130-0 




10 


•1 


88-4 


892 


68-85 


692 


15 


"01 . 


1 

' 1 


. 150-4 


2336 




10 


2 


89-9 


923 


69-5 


711 


16 


•oi .. 


1 


. 159-7 


2556 




10" 


3 


91-8 


946 


71-2 


732 


16 


5 . 




. 169- 1 


2797 




10 


"4 


93-7 


976 


72-75 


756 


17 


. 


1 


. . 178-3 


3034 




10- 


5 


95-5 


1005 


74 


777 


17 


•5i . 


1 


. ' 188-2 3293-0 




10 


6 


97-3 


1030 


75-2 


797 


18 


•0 






.a. 


^ — " 


198-2 13569-0 




10 


•7 


99-0 


1060 


76-6 


816 


18 


5 










208-4 3855-0 




10 


8 


101-0 


1090 


78-0 


839 


19 


•0 










218-8 


4160 




lo- 


9 


102-8 


♦ 1120 


79-3 


860 


19 


5 










229-5 


4474 




ll 


•0 


105 


1150 


80-6 


885 


20 













240-4 


4807 




11 


1 


106-2 


1180 


81-9 


905 


20 


•5 










251-5 


5156 




11' 


2 


108-1 


1212 


83-2 


925 


21 


•0 










2^12-7 


5518 




11 


8 


110-3 


1240 


84-6 


954 


21 


5 


• 








274-3 


5898 




11 


•4 


112-0 


1275 


86 


975 


22 


•0 . 








286-1 


6293 




11 


•5 


114-0 


1310 


87-25 


1000 


22 


'5 








-298-2' 6710 




11 


•6 


116 


1345 


88-7 


1024 


23 


•0 . 






. 310-3, 7139 




11 


•7 


118 


1375 


90-0 


1050 


23 


5 . 


, 




323-5 


7590-0 




11 


'8 


119-8 


1410 


92-45 


1075 


24 


0, . 






335-518051-0 




11 


•9 


121-7 


1445 


92-85 


1100 


24 


1 

5 . 


1 

. 1 • 




348-518539-0 




12 


•0 


124 


1480 


94-2 


1130 


25 


•0 . 






360-7 ;9036-0 




12 


1 


126 


1515 


95-8 


1150 


25 







• 


! 374-9 


9558-0 




12 


•2 


128-1 


1550 


97-2 


1180 


26 


. 






388-6 '10100 




12 


3 


130 


1590 


98-3 


1200 


26 


•5: . 




', . 402-2; 10655 




12 


•4 


132-2 


1630 


100-0 


1235 


27 


•0 . 






416-3 111240 




12 


•5 


134-2 


1670 


101-5 


1262 


27 


5 . . 






430-4; 11835 




12 


•6 


136 


1715 


103 


1305 


28 


•o; . 






445 12460 




12 


•7 138-3 


1750 


104-5 


1320 


28 


5 . 






459-4 13095 




12 


'8 140-8 


1790 


106-0 


1350 


29 


•0 






474-4113760 




12 


•9 142-8 


1827 


107-5 


1375 


29 


■5i . 


► t • 


! i 490-4 14435 




13 


•0 145 


1873 


109 


1410 


30 


0' . 




. 504-7 15140 




13 


•1 


147-1 


1918 


110-7 


1440 


30 






. 520-3 


15865 




18 


2 


149-5 


1960 


112-3 


1473 


31 


■0 . 


1 




536-0 


16620 




13 


•3 


151-5 


2005 


114-0 


1503 


31 


•5! . 


1 

* \ * 




551-9 


17385 




13 


•4 


153-8 


2050 


115-6 


1534 


32 


■01 . 


1 
1 

* V • 




l5(iS-Q 


ll%\»5sV 


13-6 


156 


2090 


117-2 


1580 


\ \ 


\ 


Js 



46 Skin H,P, per looo sq.ft. wetted surface. 



TABLE vn. POIK s^ 

Skin Horse-Poweb peii 1000 Square Feet of Wetted Subfaoe 
FOB Yabious Lengteu of Ships at diffebbnt Speeds 

. (m>m Curves). 



Speed 


















in 


100 ft. 


150 ft. 


200 ft. 


300 ft. 


400 ft. 


600 ft. 


600 ft. 


YOOlt. 


Knots 








* 










4-5 


2-09 


2-062 


2 038 


1-99 


1-965 


1-95 


1-94 


1-927 


4-75 


2-44 


2-4 


2-379 


2-343 


2-315 


2-29 


2-28 


2-27 


5-00 


2-83 


2-79 


2-75 


2-69 


2-655 


2-63 


2-62 


2-^615 


5-25 


3-253 


3-215 


3-19 


3-15 


31 


3-08 


3-042 


3-01 


5-50 


3-68 


3-63 


3-57 


3-51 


3-48 


3-44 


3-41 


3-39 


5-75 


4-21 


4-14 


4-10 


4-03 


3-99 


8-95 


3-945 


3-94 


6-00 


4-74 


4-66 


4-60 


4JJ5 


4-50 


4-46 


4-40 


4-36 


6-25 


5-36 


5-27 


5-2 


vll^ 


5-07 


5-015 


4-962 


4-92 


6-5 


5-93 


5-86 


5-77 


5*^ 


5-61 


5-65 


5-51 


5-46 


6-75 


6-62 


6-52 


6-335 


6-2 


6-15 


6-10 


6-05 


5-99 


7-00 


7-31 


7-225 


7-1 


6-95 


6-9 


6-81 


6-76 


6-71 


7-25 8-1 


8-0 


7-84 


7-68 


7-6 


7-52 


7-48 


7-43 


7-60 


8-875 


8*8 


8-61 


8-45 


8-35 


8-26 


8-21 


8-16 


7-75 


8-88 


8-99 


9-08 


9-2 


9-88 


9-56 


9-6 


9-65 


8-00 


10-7 


10-61 


10-4 


10-25 


10-05 


9-95 


9-9 


9-85 


8-25 


11-75 


11-625 


11-425 


11-25 


11-05 


10-925 


10-875 


10-825 


8-5 


12-8 


12-65 


12-45 


12-225 


12-05 


11-90 


11-85 


11-80 


8-75 


13-85 


13-67513-475 


13-225 


13-025 


12-9 


12-82 


12-75 


9-00 


14-9 


14-7 


14-45 


14-2 


14-0 


13-9 


13-82 


13-75 


9-25 


16-3 


16-03 


15-8 


15-5 


15-3 


151 


14-98 


14-95 


9-6 


17-6 


17-3 


17-03 


16-65 


16-49 


16-3 


16-22 


16 15 


9-75 


18-85 


18-6 


18-32 


17-92 


17-75 


17-54 


17-44 


\ 17-34 


10-00 


20-22 


19-9 


19-55 


19-2 


18-95 


18-8 


18-7 


18-6 


10-25 


21-45 


21-2 


20-85 


20-42 


20-25 


19-98 


19-9 


19-82 


10-5 


22-95 


22*7 


22-3 


21*9 


21-7 


21-45 


21-35 


21-25 


10-75 


24-575 


24-2 


23-8 


23-4 


23- 1 


22-82. 


22-72 


22-62 


11-00 


26-25 


25-95 


25-45 


24-95 


24-65 


24-4 


24-3 


24-2 


11-25 


27-9 


27-4 


26-95 


26-4 


26-1 


25-9 


25-8 


25-7 


11-5 


29-65 


28-94 


28*45 


27-95 


27-6 


27-3 


27-2 


27-1 


11-75 


31-4 


30-6 


30-15 


29-7 


29-3 


29-13 


28-97 


28-8 


12-00 


33-6 


33-2 


32-6 


32-0 


31-9 


31-4 


31-1 


30-95 


12-25 


35-41 


34-9 


34-35 


33-75 


33-45 


33 15 


32-75 


32-6 


12-5 


37-25 


36-73 


36-15 


35-45 


35-15 


34-8 


34-55 


34-3 


12-75 


39-25 


38-75 


38-05 


37-35 


37-00 


36-6 


36-4 


36-05 


13-00 


41-15 


40-75 


40-00 


39-2 


38-6 


38-4 


38-2 


38-0 


13-25 


43-92 


43-4 


42-6 


41-8 


41-5 


40-75 


40-45 


40-25 


,9',^ / 


^{;'4 ) 


ibS 


45-05 

/ 


44-05 


43-4 


43-00 


42-8 


42-5 



Skin H.P.per looo sg. /I. wetted surface. 



:b 1000 Sq^aub Feet ip Wei 
as or Baira at jtirwixan 
ep) — ( coidiiiued). 



ap«d 


laOR. 








SOOf. 


,«.t. 


TMIft. 




Ki^ 


















13 -76 


49 15 


48-4 


47-7 


*6-a 


46-0 


45-6 


45* 


45 05 




14-00 


52-3 


61-5 


50-76 


49-75 


49-00 


48-6 


48-4 


48 


00 




14-28 


55-2 


54-35 


53-6 


52-6 


51-8 


51 ■*5 


51-1 


50 


6 




14-5 


67-75 


67-06 


56-86 


55-2 


5*-4 


54-0 


53-65 


53 


4 




U-75 


«0-5 


59-8 


59-05 


57-75 


56-75 


56-6 


56-25 


56 







15-00 


63-5 




61-9 


60-5 




59-3 


58-9 


56 


5 




15-25 


66-8 


66-0 


64-82 


63-6 


62-42 


62-3 


61-8 


61 


4 




15-5 






67-75 


66-2 


65-* 


65-1 


6* '70 


6* 


3 




T5-7S 


730 


72-2 


70-8 




08-4 


68-1 


67-5 


67 






l(!-OU 76-25 


75-25 


71-1 


72-5 ■ 71-5 


71-0 


70-5 


70 






]<;-S6 


79-8 


78-8 


77-6 


75-8 , 74-9 


7*-* 


7*'0 


73 


5 




16-5 


83-4 




81-2 




78-4 


78-0 


77-4 


76 


8 




16-76 


87-0 


86-15 


84-6 




81-8 


81-4 


SO -95 


80 


2 




17-00 


90-5 


89-5 




8G-15 


85-00 


8*-4 


83-75 


83 


35 




17'25 


94-54 


93-4 


92-16 


90-1 


88-9 




87-75 


87 






17-50 


98^4 


97-5 


96-0 




92-7 


92-25 


91-55 


90 


9 




17-75 


102-25 


101-2 


100-0 


97-75J 96-4 


96-9 


95-2 


94 


6 




lB-00 


106-3 


105-0 


103-85 


101-4 llOO-O 


99-* 


98-6 


96 






18 '25 


110-4 


109-8 


107-5 


105-8 (103-6 


102-8 


102 


101 


4 




18-5 


11*15 


112-4 


111-1 


108-4 107-2 


106-15 


105-4 


10* 


8 




18-76 


118-15 


116-2 


114-8 


112-0 


110-6 


109-8 


108-95 


108 


3 




w-ee 


123 


120 


118-6 


116-0 


114-5 


113-75 


112-9 


112 


02 




19-26 


127-4 


125-35 


124 


121-1 


119-5 


118-7 


117-7 


IIG 


9 




10-5 


132-1 


130-3 


128-7 


127-6 


124-0 


123 1 


122-2 


121 


2 




19-75 


137-75 


136-5 


13* -U 


131-4 


129-7 


128-8 


127-8 


I2G 


6 




2000 


148-2 


1*1-8 


139-5 


136-5 


184-65 


134-0 


133-0 


132 






2025 


148 -3 


1*7-75 


1*4-6 


141-5 


139-3 


138-8 


138-0 


137 







20-5 


153-3 


151-5 


1*9-0 


1*6-2 


144-0 


143-25 


142-5 


1*1 


4 




20-75 


158 -5 


156-7 


154- 1 


lSl-0 


148-5 


148-0 


147-2 


1*6 


4 




21 00 


164-5 


162-0 


160-0 


166-8 


lM-5 


153' I 


162-5 


151 


8 




21-25 


170-0 


167-5 


165-1 


161-75 


159-3 


156' 


157-25 


156 


5 




21 -S 


175-0 


17-2 -75 


170- 2S 


167-00 


16*-7 


163-0 


162 '25 


161 


5 




21-75 


I SO- 5 


178-75 


176-3 


172-5 


170-5 


IG9'0 ' 


168-25 


167 






22-00 


187-6 


1850 


152-5 


178-5 


176-5 


174-75 


174-0 


172 


5 




22-25 


193-4 j190'5 


188-0 


184-25 


182-25 


180-5 


178-5 


178 


25 




22-5 


199-5 1196-25 


19* -0 


190-25 


187 -85 


186-35 


165-5 


18* 


3 




22-75 


206-0 J2O2-75201-4 


196 


1H3-7 


192 'ia 


IBl-T 


1VW.--SS. 


k 




















1. 





Skin H.P. per looo sq.ft. wetted surface. 



E-PowEB TGit 1000 Square Feet 
ocs Lenqtbs op Ships at : 
(from Cutree) — (aonliniied). 





Speed 




















in 
Kdou 


100 ft. 


160 ft. 


200 ft. 


aoon. 




soon. 


eoiifi. 


JOOft, 




23 '00 


212-25 


210' 00 


207-0 


202-3 


_ 

200-0 


198-5 


197-6 


196-0 




23-2f>i219'0 


215-75 


213-3 




206-0 


204-5 


203-75 


21-.2-0 




23-bO!225'8 


222-8 


220-0 


205 -as 


il2-A_ 


3U-0 


210 -J) 


208-4 




23-75 


232-75 


229-5 


227-0 




219-0 


217-25 


216-6 


215-0 




2t'O0 




236-5 


233-5 


223.- 25 


235-0 


223-5 


222-5 


221-0 




24-25 


247-71 


244-0 


240-5 




232-0 


230-2 


229-2 


227-6 




243 


255-00 


251 -a5 


247-15 




238-76 


237-0 


236-0 


234-0 




24-75 




258-1 


254-1 




245-0 


243-4 


242-5 


240-5 




25-00 




266-0 


261-5 




252-0 


250-5 


249-5 


248-0 




26-25 




273-5 


269 15 




260-0 


258-5 


257-5 


256-0 




25-5 


285-75 


281-25 


.^76- 3 


271-8 


267-3 


266-0 


265-0 


2G3-3 




2S-75 




289-25 


284-0 


279-25 


274-4 


273-25 


272-0 


270-75 




26-00 




297-5 


293-5 




282-5 


281-0 


279-5 


278-0 




26-35 


310-5 


305-8 


300-9 




290-0 


288-75 


287-0 


285-6 




26-5 


319-0 


814-25 


309-75 


303-0 


298-8 


296-8 


285-25 






26-75 




322-0 


317-5 


310-5 


306-0 


304-0 


302-0 


300-6 




27-00 


336- Ot 


330 '0 


t26 


319 


314-5 


312-0 


310-0 


308-25 




27-25 




337' 5 






321-5 


319-0 


317-0 


315-0 




27-5 




345-0 


140-0 


333-25 


328-0 


325-5 


324-0 


321-5 




27-75 


357-75 


352-5 


347-5 




336-0 


333 


331-25 


329-0 




28-00 


366-25 


361-0 


365-0 




343-25 


340 




33S-0 




28-25 


375-00 


369-25 


363-5 


336-5 


351-25 


348-0 


34G-S 


314-2S 




2811 




378-5 


372-5 


360-0 


360-5 


357-0 


355-5 


353-0 




28-75 




389-25 


382-5 


376-0 


370-0 


366-5 


365-0 






28-00 




400-0 1393-0 


385-0 




376-0 


374-0 


372-0 




29-25 


416-0 


410-5 ;404-0 


397-0 


.191-0 


387-0 


385-0 






29-5 


*27-3 


423-0 kl5-S 


408-0 


402-0 




396-0 


394-0 




29-75 




484-25426-5 


418-5 


413-0 


408-5 


406-5 


4040 




30-00 




446-0 439-0 


430-0 


425-0 


420-0 


418-0 


4160 




30-25 




356-3 1*49-5 


440-5 


434-5 


431-5 


428-5 


426-5 




80-50 


i72-5 


466-751459-5 


451-0 


444-4 


442-0 


438 -S 


436-25 




30-75 


483-4 


477-2 I47U-2 


461-3 


455-0 


453-0 


449-0 


446-5 




31-00 


195-0 


488-0 1480-0 


471-3 


405-0 


462-0 


459-0 


456-0 




31-25 


51)6-0 


498-75;491-9 


4S3 


476-0 


474-0 


470-0 


467-2 




31-50 


518-0 


510-S 1503-0 


490-3 


487-0 


484-0 


480-5 


470-7 




31-75 


530-0 


522-0 '514-4 


500-75 


480 


494-75 


491-5 




/ 32O0IB440 j 


586-i:i )5B7-0 


517-0 


510-0 


506 


502-5 


500-0 
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Skdt Fbictional Resistance in Lb. per 1000 Square Feet of 
Wetted Surface for Various Lengths of IShips, at 

Different Speeds. 



Speed 


100 ft. 


150 ft. 


200 ft. 


300 ft. 4 CO ft. 


500 ft. 


600 ft. 


7 00 f t. 


in 


n=I-83 


n=l-83 


n=l-83 


n=l-83 


n=l 83 


n=l-83 


n=l-83 


«=l-83 


Knots 


/= 


•/= 


/= 


/= 


f= 


/ = 


/ = 


/ = 




•00970 


••00957 


•00944 

147-5 


•00923 


•00910 

142-3 


•00904 

1 


•00899 


•00894 


4-5 


151-7 


149-6 


144-3 


1 

141-3 


140-6 


1 

139-7 


50 


184-1 


181-7 


179-3 


175-2 


172-9 


171-7 


170-7 


169-8 


5-5 


219-0 


216-0 


212-5 


209-0 


207-0 


205-0 


• • 


202-0 


6-0 


257 


253-4 


250 


246-4 


244 


242 


239 


236-7 


6-25 


276-5 


273-5 


269 


264-0 


262 


259 


• • 


255-5 


6-5 


297-0 


294-0 


289 


284-0 


281 


277-5 


• • 


273-5 


6-85 


327-5 


323-7 


317 


314 


312 


308 


304 


300 


7-0 


340-0 


336-0 


330 


323-5 


321 


317 


• • 


312 


7-25 


362-5 


360-0 


353-5 


345-5 


342 


338-0 


• • 


333-5 


7-5 


386-5 


383-5 


375-51367-5 


263-5 


359-0 


• « 


355-0 


7-75 


410-0 


407-0 


399 


392-0 


386 


381-0 


• • 


376-0 


8-0 


434 


431-0 


422-5 


415-0 


408-0 


404-0 


• • 


400-0 


8-25 


460 


455-5 


446-5 


438-0 


432-5 


427-5 


• • 


424-0 


8-575 


493-5 


487 


480-5 


470 


463 


460 


457 


455 


8*75 


511-0 


516-0 


496-5 


487 


480-0 


475-5 


• • 


471-5 


90 


540-0 


532-5 


524-0 


513 


506-5 


502-5 


• • 


497-5 


9-25 


566-0 


560-0 


550-0 


540-0 


532-0 


528-0 


• • 


522-5 


9-5 


596-5 


589-0 


578-0 


567-5 


560-5 


556-0 


• • 


550-0 


9-71 


621-5 


613-5 


605 


591 


583-5 


580 


576 


573 


100 


661-0 


647-5 


636 


625 


616-0 


611 


• • 


605 


10-29 


692 


684 


674 


659' 


649 


644-5 


641 


637 


10-5 


716-5 


707-5 


695 


682-5 


674 


667-5 


• • 


659-5 


10-85 


761 


751 


741 


724 


714 


709 


705 


701 


11-0 


780 


770 


756 


740 


732 


725 


• • 


717-5 


11-2 


805 


797-5 


781-5 


766-5 


757-5 


750 


• • 


743-0 


11-4 


834 


823 


807 


792 


781 


776 


773 


767 


11-6 


860 


848 


832 


816 


805-5 


800 


• • 


792 


11-8 


886-5 


875 


858 


842-5 


830-0 


825 


• • 


816-5 


12-0 


913 


901 


885 


869 


856 


850-6 


845 


841 


12-25 


946-5 


935 


916-5 i 902 


887-5 


882-5 


• • 


872-5 


12-57 


990 


979 


960 1 945 


930 


924 


919 


914 


12-75 


1015 


1005 


980 i 970 


955 


950 


945 


936 


180 


1057 


1043 


1029 1005 


991 


985 


980 


974 


13-25 


1088 


1078 


1062 


1040 


1025 


1019 


1010 


1005 


13-5 


1136 


1120 


1100 


1078 


1062 


1058 


1052 


1047 


13-75 


1168 


1152 


1140 1110 


1100 


1090 


1085 


1078 


14-0 


1214 


1197 1180 , 1156 

1 i 


1140 


1131 


1125 


1115 



50 Skin Resistance per looo sq,ft, W. S. 

Table YIII.— Skin Fbigtional Resistance in Lb. peb 1000 Squabe 

Feet of Wetted Surface fob Vabious Lengths of Ships 

AT Diffebknt Speeds — (continued). 



Speed 
in 


100 ft. 
»i=l-83 

/ 
=-009t0 


150 ft. 

n=l-83 

/ 
=•00957 


2C0ft. 
n=l-83 

/ 
=•00944 


300 ft. 
n=l*83 

/ 
= 00923 


400 ft. 
n=l*83 


500. ft. 
n=l-83 


600 ft. 
??=l-83 


700 ft. 
n=l'83 


Knots. 


/=-00910 


/=-C0904 


/= 00899 

1157 


Z' =-00894 

1150 


14*25 


1249 


1232 


1217 


1187 


1170 


1163 


14 


•5 


1290 


1275 


1258 


1227 


1208 


1200 


1193 


1187 


14 


•75 


1332 


1312 


1298 


1267 


1250 


1240 


1232 


1225 


15 


•0 


1377 


1359 


1340 


1310 


1292 


1283 


1276 


1269 


15 


•25 


1417 


1400 


1380 


1348 


1330 


1320 


1310 


1302 


15 


•5 


1460 


1442 


1422 


1390 


1372 


1359 


1350 


1342 


15 


•75 


1500 


1487 


1464 


1432 


1412 


1400 


1390 


1382 


16 


•0 


1550 


1530 


1507 


1476 


1452 


1441 


1433 


1425 


16 


•25 


1590 


1570 


1555 


1519 


nsoo 


1582 


1571 


1562 


16 


•5 


1638 


1620 


1598 


1560 


1540 


1527 


1513 


1502 


16 


•75 


1680 


1665 


1642 


1(J02 


1582 


1568 


1560 


1545 


17 


•0 


1726 


1710 


1682 


1648 


1623 


1612 


1602 


1593 


17 


•25 


1774 


1559 


1734 


1694 


1670 


1658 


1643 


1636 


17 


5 


1822 


1802 


1780 


1738 


1717 


1705 


1687 


1680 


17 


•75 


1870 


1852 


1825 


1781 


1760 


1647 


1631 


1622 


18 





1923 


1900 


1873 


1833 


1805 


1793 


1780 


1770 


18 


•25 


1970 


1947 


1920 


1878 


1854 


1840 


1822 


1812 


18 


5 


2022 


2000 


1970 


1920 


1900 


1890 


1870 


1860 


18 


•75 


2070 


2048 


2019 


1970 


1947 


1H37 


1915 


1904 


19 


•0 


2122 


2095 


2U67 


2020 


1994 


1980 


1970 


1956 


19 


25 


2172 


2150 


2118 


2067 


2045 


2028 


2012 


2000 


19 


•5 


2226 


2200 


2166 


2117 


2097 


2080 


2061 


2050 


19 


75 


2279 


2250 


2218 


2167 


2142 


2124 


2108 


2097 


20 


•0 


2331 


2303 


2270 


2220 


2188 


2174 


2160 


2150 


20 


25 


2386 


2357 


2320 


2268 


2242 


2222 


2206 


2195 


20 


•5 


2440 


2408 


2373 


2320 


2293 


2261 


2255 


2244 


20 


75 


2492 


2460 


2425 


2372 


2343 


2325 


2307 


2296 


21 





2550 


2517 


2480 


2427 


2391 


2375 


2361 


2350 


21 


25 


2600 


2572 


2532 


2478 


2447 


2425 


2408 


2398 


21 


5 


2658 


2626 


2588 


2530 


2500 


2480 


2460 


2450 


21- 


75 


2712 


2682 


2642 


2585 


2550 


2533 


2517 


2503 


22- 





2772 


2739 


2700 


2640 


2605 


2583 


2570 


2555 


22' 


25 


2830 


2798 


2755 


2700 


2660 


2640 


2623 


2608 


22- 


5 


2888 


2856 


2810 


2750 


2713 


2693 


2678 


2663 


22- 


75 


2945 


2910 


2867 


2809 


2770 


2747 


2730 


2715 


23- 


V 


3005 

/ 


2970 

/ 


2926 


2865 


2825 


2805 


2792 


2775 
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Tabli: VIII.— Skih Fejictiohai. BBiMT*NOE w Lb. per 1000 8<h)A8K 

Fbbt of Wetted Susfao* mm Vartocs Lknqthb or Shim 

AT DirpBBBHT Sp«ii)s— {oonHnKed). 



s 


™i,. 




soon, 
/ 

= •00823 


:Sr 


'fl^T^* 


•Ss 


„... 




23-25 


3(Hi5 


3028 


2982 


2925 


2882 


2860 


2845 


2830 




23-6 


3127 


3090 


304O 


2980 


2940 


2918 


2900 


2885 




ZB-75 


3187 


3150 


3106 


2940 




2878 


2860 


2845 




21-0 


3255 


3210 


3164 


3100 


3054 


3030 


8020 


3000 




21-25 


3314 


3270 


3225 


3160 


3115 


3088 


3078 


3060 




21-5 


3378 


8332 




3220 


3172 


3145 


3133 


3120 




2* -75 


3440 


3396 


3850 




3282 


8208 


3192 


3180 






3503 


3460 


3400 


3310 


3280 


3260 


3244 


3230 




25-25 


3568 


3520 


3J75 


3406 


3354 


3326 


8314 


3300 




25-5 




35B7 


3538 


3463 


S412 


3B88 


3376 






25-75 


3700 


3652 


3600 


S523 


3478 


3450 


3435 


3420 




213-0 


3770 


3720 


3664 


3590 


3540 


3510 


3496 


3475 




2H-25 


3832 


B780 


3727 


S654 


8600 


3670 


3658 


3540 




26-5 


3900 


3842 


3792 


3720 


3660 


3630 


3618 


8600 




J6-75 


3970 


3910 


3858 


3780 


8725 


3695 


3680 


3660 




27-0 


4040 


3980 


3925 


3845 


3790 


3760 


3740 


3720 




27 '25 


4105 


4043 


3987 


3908 


3850 


3822 


3802 


3782 




27 '5 


4175 


4110 


4053 


3970 


3910 


8882 


3862 


3842 




27 '75 


4240 


4180 


4120 


4040 


3980 


3950 


3930 






28'0 


4312 


4253 


4196 


4105 


4045 


4015 


3990 


3972 




28-25 


4380 


4320 


4257 


4170 


4110 


4075 


4060 


41)40 




28-5 


4460 


4385 


4325 


4240 


4180 


4140 


4120 


4100 




ia-75 


4522 


4460 


4398 


4307 


4242 


4210 


4188 


4168 




29-0 


4595 


4540 


4460 


4373 


4310 


4280 


4255 


4240 




29 ■25 


«i67 


4603 


4535 


4410 


4380 


4342 


4320 


4:^00 




29-5 


4738 


4672 


4600 


4510 


4450 


4410 


4388 


4368 




29-75 


4810 


4747 


4677 


4580 


4520 


4480 


4458 


4438 




30-0 


4880 


48+0 


4755 


4652 


4590 


4550 


4530 


4500 




aO'25 


4960 


4887 


4820 


4720 


4660 


4620 


4598 


4578 




BO '5 


5020 


4960 


4890 


4790 


4740 


4690 


4660 


4610 




30-75 


5120 


5050 


4970 


4S60 


4796 


4762 


4735 


4695 




Bl-0 


6200 


5135 


5050 


4950 


4880 


4850 


4815 


4780 




81-25 


5265 


5205 


5125 


5010 


4iH0 


4910 


4880 


4840 




31-5 


6345 


5285 


5204 


5086 


6015 


4985 


4953 


49!2 




91 -75 


5430 


5365 


5283 


5165 


5095 


6000 


503O 


41192 




12-(l 


5510 


5454 


5350 


5250 


5167 


5140 


5104 


51)75 


k 
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ANGLES OF ENTRANCE AND BUN. 

When making comparisons with a view to determining the neces- 
sary **■ sharpness " of the ends of a ship, it is convenient to have a 
formula for the angles of entrance and run. Mons. Normand stated 

0*96 8 ti — W^ 
that the first factor, viz. : of his formula referred to later, 

S* 
was inversely proportional to the tangent of the angles of the longi- 
tudinal stream lines.* A list of the values of this first factor is given 
below, for a few known ships. (Jke other table for their dimensions.) 
Another formula, based however on Kirk's analysis only, is the 
following, given by Mr. W. Hok in the discussion on his valuable 
paper to the North East Coast Institution of Engineers and Sliip- 
builders in 1893. 



tan Q = 



- ^ 



B 



1 -<^ 2L 

Where if' = coef. of midship section ; ^ = piismatic coef. of displace- 
ment ; B = breadth of ship ; L = length of ship ; and = ^ mean 
angle of entrance and run. 

This is a useful formula, but it must be remembered that the angle 
found is not the angle of the ends of the ship at the water line, but 
the angle for Kirk's olock model, approximately the mean angle. 

In the following list, the results of the two formulsa are placed 
side by side. 





nek's Formula 






based on Kirk's Model 


Nonnand's 


Ship 




1 




first 
Factor 








tane 


Degrees. 




Normannfa . 


•1443 


8^2 


13-75 


Iris 




•1518 


8 •ess 


10^43 






•1521 


8-65 


13^17 


S.S. Passenger Steamer 




•157 


8^92 


11-83 


Hammonia . 




• 1627 


9-25 


12*1 


Yorktown 




•166 


9^433 


10-4 


Ctiicago. 




•182 


lo^sn 


10-51 


Ceram . 




•1905 


10-784 


10-7 


Cincinnatti . 




•195 


11^033 


11^44 


184-ton Yacht 




•201 


11-38 


9^45 


Lepanto 
T.S.S. 1906 . 




•2393 


13-467 


8-35 




•255 


14-3 


!2-5 


P . 




•262 


14-685 


10-75 


Bayem . 




•363 


19-95 


9-36 


The first formula i 


8 not 


, SO useful as tl 


le second whe 


n drawing the 



lines, but it shows at once which boats are easy to drive. 

• There is scope for considerable investigation of this relation. Want of space pre- 
reats our ^/tempting it here, but any reader would find It worth his while to make the 
ziecessarjr comparison with the linea. 



Fineness Appropriate to Speed, 53 



NORMAND'S NORMAL SPEED. 

In a paper read before the Inst. Naval Arohiteots in 1888, '* On the 
Fineness of Vessels in Relation to Size and Speed,*' Mens. Normand 
defined the "normal speed'' as the speed which can be obtained 
without any undue waste of power, and said that this speed increases 
for a given size with the fineness of the longitudinal stream lines. It 
also increases with the size for a given fineness. 

The following is the formula given by Normand in 1870, quoted 
again in his 1888 paper, and proved ; — 

U = normal maximum speed ; 
L = length of vessel on load line ; 
S = area of immersed section ; 
W = displacement ; 



U = ax 



0-96SL-W 



B^ 



s*. 



M. Normand states that the first factor — 

0-96 SL- W 

Sf 

is inversely proportional to the tangent of the angles of the longitudinal 

stream lines, and the second factor, S^, is proportional to the square 
root of the linear dimensions of the Immersed midship section ; and he 
remarks, that in applying the formula to different types of vessels, it 
will be seen that the coefficient a increases with the draught, e.g. a 
'' normal speed " greater than that indicated by the formula may be 
had from an ironclad of 28 ft. draught. 

It may be instructive to compskre this " normal speed " with our 
'* limiting economical speed," by finding the value of the coefficient a 
for some examples from our list of vessels tried progressively. 

To simplify the arithmetic we shall consider only the 100-ft. model 
in each case. 

St means the square root of the cube of S, or the cube of the square 
root of S ; and 

S* means the fourth root of S, or the squskre root of the square root 
of S. 



Name 


S 


321-2 


Si 
2-62 


Name 


S 


s* 


Si 


Nonnannia . 


46*9 


Chicago . 


80 


716-6 


2-99 


M . 


51 


364-2 


2-6722 


Iris . 


82 


742-6 


3-01 


Hammonia 


60*5 


470-9 


2-79 


Yorktown 


82-6 


760-6 


3-015 


Passenger S.S. 


63-3 


503-6 


2-82 


184-ton Yacht . 


99-4 


991-1 


316 


Giodnnatti . 


67-6 


555-8 


2-87 


Buyern . 


100-7 


1010-3 


317 


P . 


76-4 


667-9 


2-96 


Lepanto . 


127 


1433 


3-355 


Coam . 


7t-6 


683-6 


2-87 








\ 












\ \ 



\ 
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NormaruT s Normal Speed. 
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Midship 
area 
coef. 


Cq lO O CO C<l t^ « 00 >0 CO CO 05 l> 
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4S 


Block 
coef. 


C0»0 CO C<l Oi ^ i-H (M «5 coooco 

i-ic<ii>i>ooQda»o«c«5csi-iQo^ 

l>'^CO»OCOCO»0>0»0'*tf5>0'*»0 


s 




1 


Mean 
Draft 


G<l CO l> i-H ©^ Oi CO CO Sp CO Oi ® 

• ••••••••••••• 

<<Hin»c>ocoiO»oco>*i>i>»ococo 


^ 

•s 


Beam 


0> -^ CO 05 t^ »0 t* 

C0C0i-iC0t^O©^00»O_,'-'Q0'*«0 
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p - 

M — 
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Hammonia III. 

Single Screw Passenger Steamer 

Chicago .... 

Normannia .... 

184-ton T.S. Yacht 

Lepanto .... 

Ceram 

Iris 

Yorktown .... 
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Fineness Appropriate :to Speed. 

In a paper read before the Institation of Kayal Architects in 1901, 
Mr. £. Tennyson D'Eyncourt pointed out that usually about 12 per 
cent, above the limiting economical speed the I.H.P. is varying as the 
seventh power of the speed ; whilst the wave horse-power varies as V 
at the limiting speed, and as V*®, or sometimes as a higher power of V 
at about 12 per cent, above the limiting speed ; and that at this point, 
viz. about 12 per cent, above the limiting speed, the wave horse-power 
is approximately equal to the skin horse-power, and then rises above 
it, the skin horse-power, of course, always varying as V*'**. {See 
pages 46-48.) He remarked that the ratio of wave horse-power to 
skin horse-power at the limiting speed depends, of course, upon the 
form of entrance and run and the mean girth of the vessel up to the 
water line, \ being a fair average for vessels of fine entrance and run 
and full midship section. If the midship section is fined, and the 
wetted surface thereby reduced for the same block coefficient, it follows 
that the entrance or run, or both, must be filled out, with the effect 
that the skin resistance is reduced and the wave-making increased^ 
bringing the curves of skin horse-power and wave horse-power closer 
together, and bringing the point where skin horse-power is equal to 
wave horse-power to a lower speed. With the data we liave collected 
more might have been done towards a solution of the problem of fineness 
appropriate to speed by showing the relation of skin horse-power to wave 
horse-power at diflferent speeds, especially with the E.H.P. curves 
where the residue is entirely the horse-power due to the residuary 
resistance. In our progressive trials (pages 60-138) we have made 
a beginning by separating the skin horse-power from the remainder. 
In the <;ase of E.H.P. that residuary power is the power spent in over- 
coming wave-making resistance and eddy-making resistance. In the 
case of I.H.P. curves the remaining power after separating the skin 
horse-power is the sum of the remaining five elements of I.H.P. after 
deducting the skin resistance power. {See " Manning " power analysis 
curves, pages 131-2). The engine friction may be computed by using 
our typical cui-ves of Engine Efficiency on Plate I, and the propeller 
loss may be calculated, but as for wave-making horse-power and tiirust 
deduction, they remain to be determined only by towing experiments 
for each vessel. No formula for wave horse-power can be depended 
upon. Perhaps the best method of arriving at the wave horse-power 
for the present purpose is to first find an approximate E. H.P. curve by 

E.H.P. 
using ratios of YH'p' such as those on Plates I., II., III. Then 

separate the skin horse-power and what remains is the horse-power 
corresponding to the residuary resistance, or so called wave horse-power. 
E.H.P. curves are very rare; tliey are also valuable, especially when an 
I.H.P. curve is obtainable for the same vessel, (fi^ee Ap?^s;»vx- ^s^^ 
Plates III. and XVIII.) 



56 Fineness Appropriate to Speed. 

It is impossible to give a geoeral rule for fineness appropriate to 
speed : the cases we meet with in practice are so varied by other con- 
siderations such as stability, etc., all affecting the form of the vessel. 
All that we have done is to indicate in three plates the block coefficients 
which, broadly speaking, may be associated with suitable speeds for 
full, medium and fine, or broad, medium and narrow, vessels, deduced 
from the slope of the I.H.P. curves. The broad and medium classes 
are inevitably mixed up somewhat because of the varieties of midship 
sections and angles of entrance and run that may accompany any block 
coefficient. It is unnecessary to remind the reader that the midship 
section and ends of a ship may vary so much that the block coefficient 
alone does not indicate the true fineness of the water-lines ; but still 
if we make it a rule to compare a ship only with vessels of the same 
type and 'pr(yp<yrti(mi (e.g. a cargo boat with other cargo boats of same 
ratio of beam to length, etc.), where the midship area coefficients are 
much alike, the block coefficient obviously represents the fineness 
fiairly well. Prismatic coefficient should be carefully attended to, 
especially in Glass C, narrow vessels built for speed where lines are 
everything. (Plate XV.) 

For all classes of vessels, when making comparisons, the midship 
area coefficient should be ascertained by means of the planimeter. 
The block coefficient divided by the midship area coefficient so found, 
gives the prismatic coefficient. 

Additional light may be thrown on the comparative '* sharpness " 
of vessels being compared with one another by drawing a Kirk's block 
for each, with the mean angle calculated by the formula given on 
page 52. (This is the only use we have for Kirk's system.) The 
angle so found is not by any means the actual angle of entrance, it is 
only the angle of the Kirk's block, but it affords a basis for comparison. 
M. Normand's formula (page 53) gives a measure of the actual 
angle, but with the three coefficient of fineness we may perhaps do 
wiUiout it. 

In our tables of 100-ft. models (pages 207-270), the prismatic and 
mid area coefficients of a few typical ships are given. The following 
table taken from Mr. Fronde's 1898 paper on the effect of direction of 
turning in twin screws, shows that prismatic coefficient alone is no 
guide to the fineness of a vessel. 
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Length 
Bretidth 




Dimensions of 109-ft. 




Mean 


Approx. 
speed of 

lOO-ft. 

model 


Sblp 


Type 


model 


s. 


rismatic 
DefDcient 

-687 


1 


5-2 1 (■ 100x19-25x7-06 


9-2 


2 


5-27 V BaUleihi'pil 100 x 19 X6-68 




-642 


9-2 


8 


0*a/J| (; .. .. .. 




-648 




4 


5-63A ( 


• • • • • • 




-582 




5 


5-63 


• 


j 100x17-8 X6-56 




•567 


10-3 


6 


5-63 


1 


1 

• • • • • • 




•567 




7 


7-15 


i 


1 

1 • • • • • • 




•598 




8 


7-8 




• • • « . • • 




•672 




9 


7-7 


! ^ . 


100x13-05x4-64 

(Lines approaching 




•648 






^i uru%%eT% \ 


Atlantic liner type) 








10 


I'l 




1 * ' 




•63 




11 


6-32 








•571 




12 


6-27 




.. 




•594 




13 


8-33 








-576 




14 


8-25 








-582 


10*3 


15 


7-63J 


1 

1 V 


< • • • • • 




•569 




16 


5-55 /Extreme lig 
\ croft pc 


fht draft Thomey- 


) 


-6 




i.\i 


k ttem of stem 




17 

18 


10-8 ^ \Thomycroft 
10-7 1 / build 


}lOOx 9-3 X2-84 


{ 


-556 
•556 


19-1 


19 


9 -85 y Destroyers 1 


Laird build 


{ 


-57 




20 


100 j 100x10x2-65 


-524 




21 


10-5 ) Palmer build .. 




•60^ 





For the approximate determination of fineness appropriate to 
speed, when considering one type of ship at a time, the block 
coefficient affords the first measure of fineness. (Plates XII.-XV.) 

Curve B resembles Mr. Tennyson D'Eyncourt's curve for limiting 
economical speeds. 

Curve C at its finer extremity (0*5, 0*4, 0-35,) almost coincides 
with Mr. W. Hok*s "Top Speeds/' or highest speeds attained in 
ordinary practice, and may be used when computing the wake factor 
as a preliminary to Propeller calculations. The same remark applies 
to the use of these curves as to the Admiralty Constant, viz., before 
attempting to choose a value of the constant or settling which of these 
curves we want for the ship in question, take a good look at the ship 
and its proportions, etc. 
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Progressive Trials. 



Trials of Tank Models. 

(From curves in Mr. A. Denny's paper to Chicago Congress in 1893.) 



Fidl Model, 12 ft long, at various drafts. 
(Humps very pronounced at deep drafts.) 





Dimensions in ft. 


Lb. 


Sq.ft. 

Midship 

Area 


Sq. ft. 

Wetted 

Skin 


Coefficients 




Length 


Beam 


Mid. 
Draft 


Displac. 


Prism 


Mid. 
Area 


Block 


M 


12 


2-4 


1-32 


1905 


3-079 


52-95 


•826 


•972 


•803 


N 


12 


2-4 


1^1 


1555 


2-55 


47-1 


•815 


•966 


-787 





12 


2-4 


•9 


1239 


2-073 


41-95 


•798 


•960 


•766 


P 


12 


2-4 


•7 


928 


1-595 


36-65 


•777 


•949 


-738 


Q 


12 


2-4 


•45 


556 


•988 


30 15 


•751 


•915 


-687 


B 


12 


2-4 


•2 


218 


-400 


23-0 


•728 


•833 


•607 



Lb. Resistanoe. 



Ft 
per min. 


Knots 


M 


N 





P 


Q 


R 


240 


2-37 


6-6 


5-6 


4-7 


4-0 


2-7 


2-0 


260 


2-562 


9-5 


7-9 


6-5 


5-0 


35 


2-5 


280 


2-762 


13-5 


11-3 


9-0 


6-4 


4-4 


3-0 


Hump 300 


2-962 


16-0 


13-3 


10-6 


8^1 


5-7 


3-7 


Hollow 320 


3 159 


18-4 


15-0 


13-0 


10-5 


7-6 


43 


340 


3-357 


25-0 


21-5 


18-5 


14-0 


9-5 


5-1 


360 


3-558 


35-6 


32-5 


270 


20-0 


12-9 


6^3 


380 


3-75 


53-2 


45-3 


36-5 


27-0 


16-9 


7-3 


400 


3-95 


70 


57-7 


46-4 


33-4 


20-2 


8-6 


420 


4-147 


• • 


67-4 


53-5 


38-5 


23-6 


9^6 


460 


4-54 


• • 


• • 


61-4 


47-3 


29-5 


12-0 



Progressive Trials. 
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Modd «3f" 


Model "2V" 


Knots 


Lb. Resistance 


Lb. Resistance 




Total 


Skin 


Wave 


Total 


Skin 


Wave 


2-37 

2-762 

2-962 

3-357 

3-558 

3-75 

3-95 


13-5 
16-0 

25 
35-6 
53-2 

70 


2-54 

3-44 

3-947 

5-0 

5-58 

6-21 

6-855 


4-06 
10-06 
12-053 
20-0 
30-02 
46-99 
63-145 


5-6 

13-3 
21-5 
32-5 
45-3 
57-7 


2-265 

3-51 
4-45 

4-96 
5-54 
6-1 


3-335 

9-79 
17-05 
27-54 
39-76 
51-6 







Model "0 


» 




Modd «P 


»> 






Lb. Resistance 




Lb. Resistance 


"Knots 
















Total 


Skin 


Wave 


Total 


Skin 


Wave 


2-37 


4-7 


2-011 


2-689 


4-0 


1-76 


2-24 


2-962 


10-6 


3-13 


7-47 


8-1 


2-732 


5-368 


3-357 


18-5 


3-96 


14-54 


14-0 


3-46 


10-54 


3-558 


27-0 


4-418 


22-582 


20-0 


3-86 


16-14 


3-75 


36-5 


4-93 


31-57 


27-0 


4-3 


22-7 


3-95 


46-4 


5-43 


40-97 


33-4 


4-75 


28-65 





Modd " Q " 


Modd " 22 " 


Knots 


Lb. Resistance 


Lb. Resistance 


Total 


SIcin 


Wave 


Total 


Skin i Wave 

1 


2-37 

2-962 

3-357 

3-558 

3-75 

3-95 


2-7 

5-7 

9-5 

12-9 

16-9 

20-2 


1-45 

2-251 

2-85 

318 

3-54 

3-9 


1-25 
3-449 
6-65 
9-72 

13-36 

16-3 


2-0 
3-7 
5-1 
6-3 
7-3 
8-6 


1105 1 -895 
1-715 1-985 
2-172 , 2-928 
2-425 1 3-875 
2-70 1 4-60 
[ %'%'^ \ V^^ 
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Progressive Trials, 



100* FT. Models (deduced from Mr. A. Denny's 12-ft. models). 

(From the curves in Mr. A. Denny's paper to the International 
Engineering Congress at Chicago, 1893.) 



FvJH 8h^. 





Length 


Mid. 
Breadth 


Mid. 
Draft 


Die- I Mid- 
place- > ship 
ment Area 


Wet 

Skin 

3672 


Coefficients 




Prism 


Mid 
Area 


Block 


M 


100 


20 


11-0 


505 213-9 


-826 


•972 


•803 


N 


100 


20 


9-25 


416 1178-9 


3270 


-815 


-966 


•787 





100 


20 


7-5 


328 144-1 


2912 


•798 


•960 


•766 


P 


100 


20 


5-83 


245-5'110-7 


2545 


•777 


-949 


•738 


Q 


100 


20 


3-75 


147-2 68-6 


2092 


•751 


•915 


•687 


B 


100 


20 


1-666 


57-8 27-74 


1597 


•728 


•833 


•607 



Knots 



6 

7 

8 

9 

10 



•85 
'99 
575 
13 

29 



10-85 
11^4 





Model 


ujn»» 




Lb. Resistance 






e.h.p. 


Total 


Skin 


Wave 


3553 


1203 


•2350 


74-8 


7411 


1591 


5820 


181^6 


8780 


1810 


6970 


231 


14,110 


2030 


11,580 


395^5 


19,910 


2540 


17.370 


628 


27,991 


2791 


27,200 


931 


39,760 


3060 


36,700 


1392 



Model ''N** 



Lb. Resistance 



Total 



3000 

7270 
11,678 
18,160 
25,482 
32,603 



Skin Ware 



1070 
1416 
1610 
1808 
2260 
2482 
2723 



1930 



e.h.p. 



63-1 



5660 


191-3 


9870 


327-2 


15,900 


573 


23,000 


848 


29,880 


1140 



{See Plate XVII.) 
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Modd *• " 


Modd "P" 




Lb. Resistance 




Lb. Resistance 




Knots 




e.h.p. 




eJi.p. 




Total 


Skin 


Wave 
1554 


Total 


Skin 


Wave 


6-85 


2507 


953 


52-7 


2129 


834 


1295 


44-75 


7-99 


• • 


1266 


• • 


• • 


• • 


1105 


• • 


•• 


8-575 


5762 


1437 


4325 


152 


4363 


1255 


3108 


115 


9-13 


10,020 


1610 


8410 


281-3 


7508 


1408 


6100 


210-4 


10-29 


15,076 


2016 


13.060 


476 


11,110 


1760 


9350 


350 


10-85 


20,489 


2219 


18,270 


683 


15,077 


}937 


13,140 


502 


11-4 


26,141 


2431 


23,710 


915 


18,700 


2120 


16,580 


654 





Model 


**Q" 


LI 


Model 
). Resista 


"iJ" 






Lb. Resistance 




nee 




Knnffl 






e.h.p. 
29-6 








e.h.p. 




Total 


Skin 


Wave 


Total 


Sktaf. 


Wave 


6-85 


1409 


685 


724 


1041 


523 


518 


21-95 


7-99 


• • 


908 


• • 


• • 


• • 


694 


• • 


• • 


8-575 


3028 


1032 


1996 


79-7 


1937 


788 


1149 


51 


9-13 


5008 


1158 


3850 


140-5 


2578 


884 


1694 


72-1 


10-29 


7078 


1448 


5630 


223-5 


3351 


1106 


2245 


105-9 


10-85 


9323 


1593 


7730 


310-5 


3878 


1216 


2662 


.129 


11-4 


11,183 


1743 


9440 


391 


4581 


1331 


3250 


160-3 



(See Plate XVII.) 
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Progressive Trials. 



U.8.8. Yorktown. 

Actual Dimensions* — 230 x 36 x 13-84 ft. mean draft. Dis- 
placement = 1680. Block coef. =0-513. Mid area coef. = 0-867. 
Prismatic coef. = 0-591. Midship area = 432 sq. fk. Propellers, 
3 blades. Pitch ratio = 1 • 19. Surface ratio = 0-294. Dia. = 10 ft. 6 in. 
Total weight of machinery, 318 tons, including water. 4 boilers, 
150 lb. W.P. 



Knots 


I.H.P. 


Revs. 


App. slip 'ja 


1 
DiV I.H.P. 
T , . T^ ^y another account 
I.H.P. of trial at 13 feet 

, draft 


16-65 

14-81 

10-61 

4-42 


3579 

2319 

728 

118 


160-75 
140-6 
95-9 
39-4 


16-05 
14-6 
10-3 
8-8 


182 

198 
232 

« • 


3430 

2170 

660 

• • 



Data, from Prof. Durand's book. 

* By another account (probably better) the length of ship is 228 ft. Draft = 13*77. 
Mid area coef. = 0-875. Block coef. = - 527. 



100-PT. Model op Yorktown. — 100x15-67x6-01 ft. mean 
draft. Displacement = 138*3 tons. Block coef. = 0-513. Mid area 
coef. = 0-867. Prismatic coef. = 0-591. Calculated wetted surf. 
= about 2000 sq. ft. 



Knots 



11-0 
9-78 
7-0 



iJi.p. 



199-2 

129-6 

41 



e.h.p. 



98 

63-5 

14 



e.h.p. 
i.h.p. 



491 

49 

341 



i.h.p. from Prof. Durand's account. 

(See Plate XVllI.) 
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U.8.8. Yorkto^Mfn. 

(Paper by Mr. D. W. Taylor, American Society of Naval Architects.) 

Tank trials with model 20 ft. long. Displacement 2405 lb. in fresh 
water, corresponding to displacement of ship in salt water of 1680 tons. 
Ship, 230 X 36 X 14 ft. draft. Block ooef. = 0*508. Besistanoe 
curves are given at various drafts of water and trim. Mid area ooef. 
= • 868. Prismatic ooef. = • 585. 



Adtwd Jib(2eZ.~20 x 315 x 1- 219 ft. mean draft, at normal draft 

and trim. ^^ = §6. 

Draft 14 









Resistance in lb. 








Knots 














Total 


Sicin 


Wave 






3 


6-8 


5-6 


1-2 






4 


13-26 


9-75 


3-51 






4-5 


20 


12-17 


7-83 






5 


26-2 


15-1 


11-1 






5-4 


35-8 


17-6 


18-2 






6 


70 


21-45 


48 05 





100-/e. 3l<M2eZ.— 100 x 15-67 X 6 -09 ft. mean draft, normal draft an( 

trim. Displacement = 138-3. ^:^ = f5. 

Draft 14 



Knots 


e.b.p. 


Resistance in lb. 




Total Sicin 


Wave 


6-705 
8-95 
10-07 
11-19 
12-08 
13-4 


16-0 

41-3 

71-3 

103-2 

152-9 

339-5 


778 
1505 
2306 
3002 
4120 
8250 


628 
1066 
1326 
1614 
1845 
2240 


150 

439 

980 

1388 

2275 

6010 



{See Plates XVII. & X.X«^ 
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Progressive Trials. 



No. 8 Model debivbd from Yobktown. 
!30 ft. vessel. 



Beam 48 



Draft 10-5 



, for the 



Adtwil Mod^, — 20 X 4 '18 x 0*914 ft. mean draft. Displacement 
fresh water) = 2405 lb. 









ReeistaDce in lb. 








Knots 














Total 


Skin 


Wave 






3 


7-7 


5-6 


2-1 






4 


15-9 


9-75 


615 






4-5 


22-6 


12-17 


10-43 






5 


31-5 


15-1 


16-4 






5-4 


42-2 


17-6 


24-6 





100-/e. JITodeZ.— 100 x 20*9 x 4*57 ft. mean draft. Displacement 
138*3 tons. 









Besistance in lb. 




TTnAtii 


e.b.p. 










Total 


Skin 


Wave 


6*705 


18*31 


890*5 


628 


262*5 


8*95 


50*3 


1830 


1066 


764 


10*07 


81*3 


2629 


1326 


1303 


11*19 


125-8 


3664 


1614 


2050 


12*08 


182 


4915 


1845 


3070 



{^ee Plates XVII. & XX.) 
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No. 7 Model derived fbom Yobktown. =:^? = v^— ^» fo' ^'^ 

Draft 11-2 

230 ft. vessel. 



Aciwd Model, — 20 X 3*915 x 0-976 ft. mean draft. Displacement 
(fresh water), 2405 lb. 




100-/<. Model-^lOO x 19-57 X 4-87 ft. mean draft. Displacement 
(salt water) = 138-3 tons. 



Knots 


e.h.p. 

17-25 

46-4 

77*5 

117-4 

169-5 


Lb. Resistance 




Total 

838 
1689 
2505 
3414 
4578 


Skin 


Wave 


6-705 

8-95 

10-07 

11-19 

12-08 


628 
1066 
1326 
1614 
1845 


210 

623 

1179 

1800 

2733 



{See Plate XX.) 
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Progressive Trials. 



200 ft. long X 27 ft. broad. 

(Transaotions iDstitution of Naval Architects, 1900. From 
Mr. A. Denny's remarks on Major Rota's paper.) 

Resistance curve from experiments in Messrs. Denny's tank with 
model 12 ft. long, in 10 ft. depth of water. 

Actual Model. — 12 x 1*62 x 0*27 ft. mean draft. . Displacement 
in fresh water = 274 lb. 



Prism. 



846 



Goefficients 
Midship Area 



989 



Block 



837 





Lb. 


Speed in feet 


Knots 






BeslBtanoe 


permin. 






•4 


100 


•998 






•9 


180 


1-78 






2-0 


250 


2-47 






4-1 


300 


2-96 






6-0 


340 


3-36 






8-9 


380 


3-75 




10-2 


400 


3-95 






13-9 


460 


4-54 






161 


500 


4 94 





100-FT. Model cf above Babge. — 100 x 13*5 x 2*25 ft. mean 
draft : Displacement =72*6 tons. Coefficients of fineness : Block = 
0*837 ; Mid area = 0*989 ; Prismatic = 0*846. 





Knots 


, Lb. 
Resistance 


e.h.p. 1 

1 




2*88 


231 


2*04 


5*14 


520 


8*2 


7*14 


1156 


25*3 


8*55 


2370 


62*0 


9*72 


3470 


104 


1 10*85 


5140 


171-5 


11*41 


5900 


206 


13*1 


8040 


323 ' 


14*28 


9310 


380 



(See Plates XVII. & XIX.) 
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E.H.P. Curves 

From deep water progressive trials of three boats, A, B, 0. 
(Paper by Popper, Trans. Inst Naval Architects, 1905.) 



Boat A, 

AdwH Dimengum8.—73 * 47 x 11 ' 48 x 2 * 558 ft. mean draft. Block 
coef: = 0-451. Displacement = 27-75 tons. Wetted surf. = 766-39 
sq. ft. Deep water figures only noted. 





Knots 

• 


B.H.P. 


Skin H.P. 


Wave H.P. 






6 


5 


• • 


• • 






7 


8 


. • 


. . 






8 


12-5 


• • 


,, 






9 


18 


. . 


. . 






10 


30 


. . 


. . 






11 


46 


20-27 


25-73 






12 


82 


26-2 


55-8 






13 


118 


32-4 


85-6 






14 


157 


40-2 


116-8 






15 


190 


48-7 


141-3 





100-ft, Model of Boat A.^100 x 15-62 x 3-48 ft. mean draft. Dis- 
placement = 70. Block coef. = 0-451. Wetted surf. = 1420 sq. ft. 





Knots 


e.h.p. 


Skinh.p. 


Wave h.p. 






7-0 


14-7 


. . 








8-17 


23-4 


. * 








9-34 


36-6 


• . 








10-5 


52-5 


33 








11-68 


87-8 


44-1 








12-84 


134 1 


58-5 


75-6 






14-0 


238-8 


74-8 


164 






15-2 


345-3 


93-3 


252 






16-35 


458-6 


115-4 


343-2 






17-5 


553-8 


138-8 


415 





{See Plate XIX.^ 
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Progressive Trials. 



Boat B (Popper). 

Actwd Dimen8ion8.'-'92'98 x 14*17 X 2*296 ft. mean draft. Dig- 
placement = 42-3 tons. Block ooef. = 0-49. Wetted surf. = 1087 
sq.ft. 





Dia. 


Pitch 


Exp. surf. 


Ist Propeller, 3 blades 


.. 2-788 


3-214 


3-293 


2nd Propeller, 3 blades 


.. 2-788 


3-608 


3-293 



2nd very much better than 1st one. Max. efficiency, 58 ' 2 per cent, at 
about 10 knots. 



Knots 



5 

7 

8 

9 

10 

11 

12 

13 

14 



E.H.P. 



4-5 

11 

15 

25 

37J 

56 

82 
117 
168 



Skin H.P. 



Wave H.P. 



100-/«. ModeL^lOO x 15-25 x 2*47 ft. mean draft. Wetted surf., 
1266. Block coef. =0-49. Displacement = 52*8 tons. 





Knots. 


e.h.p. 






5-19 


5-84 






7-26 


14*3 






8-3 


19*45 






9-34 


32*3 




10-38 


48*4 




11*41 


72-3 




12-47 


105-9 






13-5 


151-2 






14-55 


217 





(See Plate XIX.) 
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Boat C (Popper). 

Deep water progressive trials. Tow-rope resistance curve, and E.H.P. 
curve. (Trans. Inst. Naval Arch., 1905.) 



AduaL 5oa<.— 92-98 x 14*04 x 2-296 ft. mean draft. Displace- 
ment = 36-6 tons. Wetted surf. = 1140 sq. ft. Block coef. = 0-429. 





Knots 


E.H.P. 


Knots 


1 

£.xx. p. i 




6 


7 


11 


46 




7 


11 


12 


68 




8 


15 


13 


98 




9 


24 


14 


137 1 




10 


35 


15 


177 1 



lOO-yie. Model.-— 1(^0 X 15-1 X 2*47 ft. mean draft. Displacement 
45 8 tons. Wetted surf. = 1327 sq. ft. Block coef. = 0-429. 





Knots 


e.h.p. 


Knots 


e.h.p. 






6-23 


9-1 


11-42 


59-5 






7-27 


14-3 


12-47 


88 






8-3 


19-4 


13-5 


127 






9-35 


31 


14-55 


177-3 






10-38 


45-3 


15-57 


229 





{See Plate XIX.) 
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Progressive Trials. 



Model No. 6. Torpedo Boat. 

Tested in tank at Spezzia, Italy. 
(See Trans. Inst. Naval Arohitects. Paper by Major Giuseppe Bota.) 

AoTUAL Dimensions. — 12*33 x 1^35 x 0*32 ft. draft, displace- 
ment = 145*2 lb. Block coef.= 0-43. /= 0-1233. V = 0-351. 
2» = 0-001872. 





Knots 


Kesistance 


Skin 


Wave 






in lb. 


resistance 


resistance 






7-3 


11-02 


5-9 


5-12 






6-8 


9-83 


5-13 


4-7 






632 


8-7 


4-48 


4-22 






5^83 


7-5 


3^83 


3-67 






5-345 


6-05 


3-2 


2-85 






4-86 


4-74 


2-66 


2-08 






4-38 


3-304 


2-2 


1-104 






3-89 


2-424 


1-733 


•691 






3-4 


1-763 


1-353 


-410 






2-916 


1-278 


-985 


-293 






2-43 


•883 


-694 


-189 





100-FT. Model op above. — 100 x 10-95 x 2-595 ft. mean draft. 
Displacement = 34-6 tons. Block coef. = 0*43. 



Knots 


Resistance in lb. 










Total 


Skin 


Wave 


20-8 


6212 


3480 


2732 


19-37 


5560 


3050 


2510 


18-0 


4924 


2672 


2252 


16-6 


4253 


2293 


1960 


15-23 


3482 


1962 


1520 


13-86 


2766 


1656 


1110 


12-48 


1948 


1359 


589 


11-1 


1589 


1220 


369 


9-69 


1079 


860 


219 


8-3 


801-4 


645 


156-4 


6-93 


574 


473 


101 



e.h.p. I Wave h.p. 



396 
331 
272 
217 

162-5 

117 
74 
54 
32 
20 
12 



8 
5 
2 
1 
4 
2 



174 
149-4 
124-2 

100 
70-9 
47 
22 
12 

6 

3 

2 



1 

5 

6 

51 

98 

15 



See curve for humps and hollows. 

{See Plate XIX.) 
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Greyhound, Single Sorew Sloop. 

Towed tbrougli still water from a long outrigged boom. (For 
Towing trials, «ee Trans. Inst. Naval Architects, Vol. XV., 1874, and 
Thearle's " Theoretical Naval Architecture," p. 347.) 

Actual Vessel.— 172-5 x 33*18 x 13*75 ft. mean draft. Wetted 
flurf. = 7540 sq. ft. Displacement = 1200 tons. Block coef. = 0*534. 





Tons Tow-rope 
Keslstance 


Resistance in Lb. 


Knots 


Total 


Skin 


Wave 


4 

6 

8 

10 

12 


•6 
1-4 
2*5 
4*7 
9*0 


1,344 

3,138 

5.606 

10,520 

20.140 


890 
1890 
3230 
4850 
6730 


454 

1,248 

2,376 

5,670 

13,410 



E.H.P. varies as (speed/ at about 10*83 knots. 



100-PT. Model op Greyhound.— 100 x 19 * 25 x 7 • 98 ft. mean draft. 
Wetted surf. = 2532. Displacement = 238 tons. Block coef. = 534. 











Lb. resistance 




T^ .X_ 


e.h.p. 


Residuary 
h.p. 








Knots 














Total 


Sldn 


Wave 


3-05 


•• 


.. 


• • 


• • 


88*5 


4-57 


9*0 


3*42 


640*3 


397 


243*3 


6*1 


21*2 


8*05 


1133 


670 


463 


7*63 


49*6 


25-9 


2119 


1013 


1106 


9*15 


112*8 


73*4 


4019 


1404 


2615 



e.h.p. varies as (speed)^ at about 8^ knots (Vm). 

Tank trials were also made with models in fresh water, and the 
resistances plotted in a curve. The resistance curve for the full-sized 
ship, deduced from the tank trial results, and corrected for friction, 
represents her resistance in fresh water. After being corrected for 
salt water the results agreed with those obtained by towing the actual 
ship through smooth salt water. 

{See Plate XX."^ 



74 



Progressive Trials. 



No. 5 Model debiyed from Yorktown. 



AducX Afo(Ie2.->20 X 3-392 x 1*123 ft. mean draft. 



Beam 39 



Draft 12-9 









Lb. Resistance 








Trnntft 














Total 


Skin 


Wave 






3 


6-8 


5-6 


1-2 






4 


13-8 


9-75 


4-05 






4-5 


20-06 


12 17 


7-89 






5 


27-2 


15-1 


12-1 






5-4 


36-4 


17-6 


18-8 





100-/«. JfcxieZ.— 100 x 16* 98 x 5-615 ft. draft. Displacement 
138-3. 



ICnotfl 


e.b.p. 


Lb. Resistance 




Total 


Skin 


Wave 


6-705 

8-95 

10-07 

11-19 

12-08 


15-94 

43-2 

71-5 

107-5 

155-5 


775 
1572 
2312 
8127 
4195 


628 
1066 
1326 
1614 
1845 


150 

506 

986 

1513 

2350 



{See Plate XX.) 
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No. 4 Model debited from Yobktown. 



Adwa Modd,-'20 x 2*872 x 1*331 ft. mean draft. 



Beam 33 



Draft 15-3 









Lb. Resistance 








ICnnt.9 














Total 


Skin 


Wave 






3 


6*65 


' 5-6 


1-05 






4 


12-8 


9-75 


305 






4-5 


19-5 


12-17 


7-33 




5 


24-9 


15-1 


9-8 




5-4 


33-8 


17-6 


16-2 





100-/^. ifode?.— 100] X 14-36 X 6-65 ft. Displacement = 138 3. 



Knots 


e.b.'p. 


Lb. Kesistance 




Total 


Skin 


Wave 


6-705 

8-95 

10-07 

11-19 

12-08 


15-62 
39-8 
69-3 
97-4 
143-6 


759-2 

1447 

2241 

2839 

3871 


628 
1066 
1326 
1614 
1845 


13t-2 

381 

915 

1225 

2026 



{See Plate XX.) 
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Progressive Trials. 



No. 2 Model debited fboh Yobetown. 



Actual ModeL.'—20 x 2*35 x 1*629 ft. draft. 



Beam _ 27 
Draft ~ 18^' 









Lb. Resistance 








Knots 














Total 


Skin 


Wave 






3 


6-8 


5-6 


1-2 






4 


12-8 


9-75 


3-05 






4-5 


19-5 


12 17 


7-33 






5 


23-6 


15-1 


8-5 






5-4 


32-4 


17-6 


14-8 





100-/iC. Jfodcl— 100 X 11-74 X 8-14 ft. draft. Displacement 
138-3. 









Lb. Resistance 




Knots 


e.lLp. 








Total 


Skin 


Wave 


6-705 


16-0 


778 


628 


150 


8-95 


39-73 


1447 


1066 


381 


10-07 


69-3 


2241 


1326 


915 


n-19 


91-9 


2675 


1614 


1061 


12-08 


137 


3695 


1845 


1850 



{Ste Plate XX.) 
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Tank Trials of Fine Models. 

(From Mr. A. Denny's paper to the International Engineering 

Congress, Chicago, 1893.) 

Actual Models. 





In Feet 


Lb. 

Dis- 
place- 
ment 


Mid 
area 


Wetted 
Skin 


Coefficients 


Model 


Length 


Moulded 
Breadth 


Moulded 
Draft 


Prism 


Mid 
area 


Block 


A 
B 
C 
D 


11*951 
11*951 
11*951 
11*951 


1*4146 
1*4146 
1>4146 
1*4146 


*6097 
*48Y8 
*3792 


405 
318*75 
238*6 

171 


*9565 
•784 
•6121 
•4675 


23*96 
20*83 
17*75 
14*96 


•5673 
•5451 
•5227 
•5012 


•9238 
*9088 
*8868 
*8527 


•5242 
•4956 
*4636 
•4275 



Feet 
permin. 


Knots 


Lb. Resistance 


A 


B 


C 


D 


240 
300 
340 
360 
380 
400 
420 
440 


2-37 

2-962 

3-357 

3-558 

3-75 

3-95 

4-147 

4-346 


1-48 
2-39 
3-18 
3-83 

• • 

• • 

• • 

• • 


1-29 

2-0 

2-75 

3-1 

3-52 

4-24 

5-37 

7-0 


107 

1-7 

2-22 

2-5 

2-9 

3-5 

4-45 

5-64 


-94 
1-45 
1-81 
204 
2-35 
2-85 
3-52 
4-37 







Resistance hi lb. of Tank Model *• D '* 






Knots 








Total 


Skhi 


Wave 






2-37 


-94 


-72 


-22 






2-962 


1-45 


1-118 


-332 






3-357 


1-81 


1-414 


-396 






3-558 


2-04 


1-58 


-46 






3-75 


2-35 


1-76 


-59 






3-95 


2-85 


1-94 


•91 






4-147 


3-52 


2-144 


1-376 


\ . 




4-346 


4-37 


^•^■^ \ ^^^^^L 
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Progressive Trials, 



lOO-FT. Models. Deduced from above. 





In Feet 


Lb. 

Dls- 
place- 
ment 


Mid 
area 


Wetted 
Skin 


Coefficients 


Model 


Length 


Moulded 
Breadth 


Moulded 
Draft 


Prism 


Mid 
area 


Block 


A 
B 
C 
D 


100 
100 
100 
100 


11-82 
11^82 
11^82 
11*82 


612 
5-10 
4*08 
3-175 


108*2 
85*3 
63*8 
45*85 


66*9 
54-85 

• • 

• • 


1680 
1460 
1243 
1049 


•5673 
•5451 
•5227 
•5012 


•9238 
•9088 
•8868 
•8527 


•5242 
•4955 
•4636 
•4275 



Model B, 



Knots 


e.h.p. 


Resistance in lb. 


Total 


Skin 


Wave 


6-85 


13-61 


647-3 


478-6 


168-7 


8-575 


25-75 


978 


720 


258 


9-71 


40-6 


1364 


907 


457 


10-29 


48-5 


1537 


1010 


529 


10-85 


57-8 


1736 


1111 


625 


11-4 


71-9 


2057 


• • 


• • 


12-0 


100-4 


2727 


1331 


1396 


12-57 


140-8 


3643 


1448 


2195 



Model C. 



Knots 


e.b.p. 


Resistance in lb. 


Total 


Skin 


Wave 


6-85 
8-575 
9-71 
10-29 
10-85 
11-4 
12-0 
12-57 


11-26 
21-92 
32-42 
38-75 
47-32 
60-8 
83-0 
112-2 


534-9 
832-1 
1089-6 
1227 1 
1421 
1736 
2250 
2910 


408-3 

614 

773 

861 

946 

1036 

1135 

1234 


126-6 

218-1 

316-6 

366-1 

475 

700 

1115 

1676 



(^ee Plate XX.) 
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100-FT. Model. Deduced from Mr. A. Denny's Fine Model D. 
Tank trial. (See paper read before the International Engineering 
Congress at Chicago, 1893.) 

Modd D. 



KlX)t8 


e.h.p. 


Resistance in lb. 


Total 


Skin 


Wave 


6-85 
8-575 
9-71 
10-29 
10-85 
11-4 
12-0 
12-57 


9-95 
18-74 
26-31 
31-48 
390 
50-2 
66-0 
87-3 


472-6 

712-8 

884-1 

995-8 

1169 

1435 

1792 

2265 


343-6 
518 
652 
726 
823 
902 
986 
1072 


129 

194-8 

232-1 

269-8 

346 

533 

806 

1193 



{See Plate XX.) 
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Progressive Trials. 



Models Tested at the Experimental Tank of 
the Royal Dockyard of Spezzia, Italy. 

Towed at yarious speeds to determine the influenoe of depth of water 

on the Resistance of the Ship. (From a paper by Major Giuseppe 

Bota, read before the Institution of Naval Architects, 1900.) 

No. 3 Model, at full depth of water. Actual Dimensions in feet : — 
12*24 X 1-87 X 0-68 ft. mean draft. Displacement = 488*3 lb. 
Block coef. = 0*50. 







Resistance in lb. 






Speed in Knots 














Total 


Skin 


Wave 






4-352 


7-72 


4-01 


3-71 






4-28 


7-05 


3-88 


3-17 






4-08 


5-51 


3-53 


1-98 






3-889 


4-74 


3-2 


1-54 






3-5 


3-526 


2-635 


•891 






3-11 


2-713 


2-048 


-665 






2 •721 


1-871 


1-573 


-298 





No. 3, 100-FT. Model.— 100 x 15-3 x 5-56 ft mean draft. Dis- 
placement = 121-6. « = - 50. 







Residuary 


Lb. 


Skin 


Wave 


[Knots 


e.h.p. 


e.b.p. 


Resistance 


resistance 


resistance 


12*47 


141-5 


78 


3687 


1667 


2020 


12-25 


126 


651 


3347 


1617 


1730 


11-68 


91-6 


38*6 


2561 


1482 


1079 


11-12 


751 


28*6 


2200 


1360 


840 


10-01 


49*4 


14-9 


1606 


1120 


486 


8-9 


34*5 


9-9 


1263 


900 


363 


7-79 


20*86 


3-88 


871-4 


709 


162*4 



;(See Plate XX.) 
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T.S. Battleship Bayem . 
(Single) Inter. Channel steame 
(T.S.) Battleship Chicago 
(Single) Passenger steamer 
(T.S.) Battleship Maine . 
Edgwater (aft screw) 
T.S.S. City of Paris 
T.S.S. Normannia . 
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Progressive Trials, 



Scremr Ferryboat Cincinnatti. 

(Described in the Proceedings of the American Society of Naval 

Architects and Marine Engineers, 1896, in a paper by 

Mr. F. L. Du Bosque.) 

Dimensions of Actual Vessel.— L.W.L. 200 x 39*208 x 11 -208 ft. 
extreme draft. 8-in. keel. Keel 180 ft. long. Take the dimensions 
as 200 X 89 • 208 X 10 • 6 ft. mean draft. Block coef. = • 402. Wetted 
surf. = 7469 sq. ft. Displacement = 953 tons. Mid area = 244 sq. ft. 
Mid coef. = 0*6154. Coef. of water lines = 0*756. Large ratio of dis- 
placement to wetted surf. 

One screw at each end. Trial with aft screw only. 















Its 








I- 


Knots 


Speed in 

Statute miles 

per hour 


I H.P. 


Skin H.P. 


Revs. 


: Slip per cent. 


to Screws remove 
g Lb. tow-rope 
* resistance 


E.H.P. 


> Cu 

— *^ 




Wave H.P. 


6-21 


6 


110 


23*25 


• • 


43-15 


125 


-392 


19-9 


6-08 


7 


132 


35-6 


• • 


1 .. 


1 3130 


58-4 


165 


-442 


22-8 


6-945 


8 


176 


52-2 


• • 


• • 


3880 


82-8 


186 


•474 


30-6 


7-81 


9 


260 


72-6 


91 


19-5 


; 4950 


118-7 


185 


•475 


46-1 


8-69 


10 


364 


98 


103 


24-5 


i 6400 


170-6 


175 


•469 


72-6 


HiSiak V 9*56 
'^ '^ 10-41 


11 


520 


128-5 


115 


; 27-5 


1 .. 


• • 


163 


• • 


• • 


12 


720 


163-7 


128 


' 28 


1 .. 


• • 


152 


• • 


• • 



The I.H.P. is varying as the 4th power of the speed at 9*84 knots. 

100-FT. Model op Cincinnatti. — 100 x 19*6 x 5*6 ft. mean 
draft. Displacement = 119*0 tons. u = 0*402. Mid area coef. 
= * 6154. Prismatic coef. = * 655. 



Knots 



-^^ 



3 

4- 

4- 
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6' 

6- 



69 
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91 

53 

15 

76 



7-38 



1 i.h.p. 

1 
1 


Skin h.p. 


11**84 


3*32 


15*73 


4*87 


22-55 


6*85 


32*69 


9*19 


46*5 


12*03 


64-2 


15*48 



e.b.p. 



5*32 

7*58 
10*87 
15*8 



Wave 
h.p. 



Lb. tow-rope resistance 



Total 



Skin 



•• 


• • 


• • 


2*0 


403-4 


252 


2*71 


503 


323 


4*02 


640 


401 


6*61 


836 


489 


•• 


• • 


580 


.. 


• • 


681 



Wave 

151*4 
180 
239 
347 



The i.h.p. varies as (speed)* at somewhere about 6 - 95 knots ( Vm). 

{See Plate XXI.) 
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89 



Single Screw Steamer, M- 



Actual Ship.— 270 x 31-3 x 13*92 ft. mean draft. 1460 tons 
gross. Displacement = 1910 tons. Mid. area = 366. Mid. coef. = 0*846. 
Block coef. = 0*573. Prismatic coef. = 0*676. Propeller pitch ratio 
= 1-23. Area ratio = 0-801. Dia. = 13 ft. 



Knots 
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Slip«)5. 


LH.P. 
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■*|ML S 11 

'**' ^ 12 
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256 
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267 



I.H.P. varies as (speed)^ at about 11*9 knots. 



100-PT. Model op above. — 100 x 11*64 x 5*17 ft. mean draft. 
Displacement = 98 * 1 tons. Calculated wetted surf. = 1 560. Coefficients 
of fbieness as above. » = • 573. Mid. area = • 846. Prism. = • 676. 
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i.h.p. 
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.Hump 



Skin b.p. 
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fir- H 2 



•*J.2S 



:S«<S 



i.h.p. varies as (speed)* at (about 7i knots ;(V»»). 



{See Plate XXI.) 
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Progressive THals. 



88. Merkara. 

(Trans. Inst. Engineers and Shipbuilders in Scotland, 1884-5. Paper 

by Mr. Wm. Denny.) 

Actual Ship. — 360 x 37-2 x 16-25 ft. mean draft. Displacement 
= 3980 tons. Block coef. = 0-642. Wetted surf. = 18,660 sq. ft. 
Cylinders *7J^_:;_§2m. ggg jj jj.P. Propeller pitch = 22-0 ft 

Aft and Fore body 144 ft. long each. Middle, 72 ft. long. 



Trial 
Speed 


I.H.P. 


Revs. 


I.H.P. 


Indie. 
Thrust 


Skin 
H.P. 


6-2 

9-1 

11-09 

12-91 


299 

718 

1225 

1948 


3115 
44-75 
54-35 
63-23 


200 
264 
279 

278 


14,400 

. • 

46,'210 


91-6 
271 
474 
730 



A very easy boat to drive. 

The I.H.P. varies as a lower power of the speed than the 4th until 
over 13 knots, when I.H.P. varies as (speed)^. 







Tow Rope 








Knots 


Resistance 


E.H.P. 








in lb. 


-— - 






4 


2240 






6 


5150 








8 


8740 








10 


13,440 








12 


20,160 








13 


25,760 
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100-PT. Model op Mbbkaba. — 100 x 10'35 x 4 -51 ft. mean draft. 
Displaoement = 85*3 tons. Block ooef. = 0*642. Wetted surf. 
= 1440 sq. ft Length of entrance, 40 ft. 



Knots 



3-27 
4-8 
5-85 
6-81 



i.h.p. 



8-365 
14-35 

22-84 



Skin 
h.p. 



3-31 
5-85 
9-08 



Not till above the highest speed does the i.h.p. begin to vary as the 
4th power of the speed. 



Knots 


Lb. 
Resistance 


Skin 
Besistance 


Wave 
Resistance 


e.h.p. 


2-11 


• • 


• • 


• • 


• • 


3-165 


• • 


• • 


• • 


• • 


4-22 


218-93 


196 


22-93 


2-83 


5-28 


331-9 


292 


39-9 


5-38 


6-33 


496-3 


408 


88-3 


9-62 


. 6-86 


624-8 


470 


154-8 


13-16 



(/See Plates XXI. and XXII.) 
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T.8.8. 1906 (Derived). 

Progressive TriaL 

Dimensions. — 348 x 44-1 x 16*4 ft. mean draft. Trim 6 in. by 
the stem. Displacement = 5150 tons. Block coef. = 0*716. Mid 
area coef. = - 932. Prismatic coef. = • 768. 



Knots 


I.H.P. 


I.H.P. 


Revs. 




8 


588 


285 


. . 






10 


1020 


293 


69 




. 


'MSk N^ 1^ 


1900 


270 


84 






2510 


260 


92 






14 


3290 


249 


100 


{ 


Highest 
speed on trial 


14-5 


3740 


242 


104 





The I.H.P. varies as the 4th power of the speed at abont 12-68 
knots, but there is a hollow in the curve higher up. ^ 



lOO-FT. Model op T.S.S. 1906.— 100 x 12-69 x 4*72 ft. mean 
draft. Displacement = 122-1. Wetted surf. = about 1720 sq. ft. 
Block coef. = • 716. Mid area coef. = - 932. Prism. = • 768. 





Knots 


i.h.p. 






4-29 

5-35 

^ v6-44 

7-5 


7-53 
13-96 
25-83 
33-94 
44-13 

50-07 


Slight hump 




7-78 


Hollow 



The i.h.p. is varying as the 4th power of the speed at about 6*8 
knots (Vot), but above that speed and up to 7-78 knots at a lower 
power than the 4th. due to a hollow in the curve. 

{See Plate XXI.) 
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Hammonia iii., Sin^ie Scremr. 

(From Prof. Durand's book.) 

Actual Ship.— 373 x 45 x 20*25 ft. mean draft. Mid area 
= 845 sq. ft. Block coef. = • 609. Mid area coef. = • 927. Prism, 
ooef. = • 657. 4 blades. Pitch ratio 1 • 55. Surf, ratio = • 435. 



Knots 


I.H.P. 


Revs. 


1 

App. slip <}(> 

i 


D| V» 
I.H.P. 


15-24 
3SI^->14-58 
121 


4350 
3360 
1850 


64-9 
61-2 
50-5 


15-0 i 
13-7 
13-2 ' 


266 
300 
313 



I.H.P. varies as (speed)^ at about 14*6 knots. 



100-PT. Model of Hammonia III.— 100 x 12* 06 x 5*42 ft. mean 
draft. Displacement = 114 tons. Wetted surf, calculated = 1665. 
Block ooef. = • 609. Mid area ooef. = • 927. Prism, coef. = • 657. 




r Seems to be a hump 
\ about at 6| knots. 



ih.p. varies as (speed)* at about 7*56 knots (V»). 



{Se^ Plate XXII.) 
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Tmfin Scremr Steamer (About 450 ft. long). 
(ProgreasiTe trial, 1905.) 

100-FT. Model of above.— 100 x 12*47 x 4*98 ft. Dieplaoemeiit 
= 120*1 tons. Mid area ooef. = 0*90. Block coef. = O'Oa Pria- 
matio coef. = 0*756. 



Knots 



3 

4" 
4' 
5 
6' 



1 



62 

73 

44 



7*01 
7*64 
7-68 



i.b,p. 



•Uncorrected 
reduced i.b.p. 



3 
6 
8 
15 
24 
34 
45 
46 



35 
2 
08 
•24 
15 
52 
71 
76 



3 
5 
7 
14 
22 
32 
42 
43 



22 
•6 
•4 

•4 
81 
•9 
"9 



The Lh.p. is yarying as (speed)^ at about 7*4 knots. 

* It is advisable to have this oolnmn for reference in all cases, pro- 
vided it is not confused with the i.h.p. (corrected for friction) of the 
100-ft. model The numbers in this column are simply the LH.P. of 
actual vessel divided by 2'*^. (Throughout the book it has been 
omitted.) The skin correction has to be added to it. The difference 
between it and the other column of i.h.p. is skin friction correction in 
passing from a ship of 100 ft. in length to one of 440 ft. in length. 

(See Plates VIII.-XI.) 



{Set Plate XXIII.) 
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Tmfln Scremr Steamer K, built 1897. 

(Progressive trial.) 

Actual Dimensions. — 140 x 48-85 x 16 •IS ft. mean draft at trial. 
(Load draft = about 26 ft) Displacement at trial = 7270 tons. Down 
by the stem, 3 ft. Block coet. = 0-784. Mid area ooef. = 0*915. 
Prismatic coef. = 0-801. Engines, 3 cylinder triple, 200 lb. W.P. 
Bevs. = 81-6 at full power. 

Cylinder ratios ^£ = 2-803. ii* = 7-84. 



H.P. 



H.P. 



At full power 


H.F. 


M.P. 


L.P. 


Cut offs 

Cylinder mean pressure . . 
Horse-power in cylinders .. 
Lb. steam pressure in receivers 
Vacuum 


•663 

75-52 

940 

• . 
27} 


-635 
39-6 
1350 

• • 

• • 


•568 

15-14 

1460 

. . 



Propellers, 4 bronze blades. Pitch ratio = 1-216. Surface ratio = ' 89. 



Knots 



10 

11-94 

14 



I.H.P. 



1235 
2250 
3750 



I.H.P. 



305 
286 
276 



Mean pressure 
ref. L.P. 
Cylinder 



abt. 39i lb. 



100-FT. MODKL OP ABOVE. — 100 X 11 '1 X 3-67 ft. mean draft at 
trial. Displacement = 84*7 tons. Block coef. = 0^734. Mid area 
coef. = 0^915. Prismatic coef. = 0*801. 




(Set PLA.TO lOLU.^ 



^^ 
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8.8. P- 



. Trial. 

Adual Dimensions.— 226 x 34*16 x 12*33 ft. draft. Displacement 
= 1820 tons. Calculated wetted surf. = 9980 sq. ft. Immersed mid 
area = 390 sq. ft. Block coef. = 0*67. Prismatic ooef = 0*734. 
Mid area coef. = 0*926. Propeller pitch = 14*75 ft. 





Knots 


I.H.P. 


Skin H.P. 


D*V8 
I.H.P. 






5*4 


120 


33*8 


195 






7*0 


220 


70-9 


232 






8*6 


400 


127 


237 






9-25 


510 


156 


232 






9*84 


650 


185*7 


219 






^a,v 10*0 
^^11*61 


680 


194*7 


219 






1275 


294 


183 






12-0 


1490 


323 


173 





I.H.P. varies as (speed)^ at 10*52 knots. 



lOO-FT. MODBL OP S.S. P— .— 100 X 15*1 X 5*46 ft. Displace- 
ment = 158 tons. Block coef. = 0*67. Prismatic coef. =0*734. 
Mid area coef. = 0*926. 



Knots 



3*59 
4-66 
5*75 
615 



55 

65 

73 

•99 



i.b.p. 


Skin h.p. 


13**11 


4 


51 


23*91 


8 


17 


30*4 


10 


•0 


38*68 


11 • 


9 


40*47 


12 


47 


75*6 


19- 


1 


88*3 


20 


•9 



i.h.p. varies as (speed)* at 7 knots (Vn>). 



(See Plate XXIV.) 
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Chicago, Tmfin Screiv- 

AoTUAL Ship. — 315 x 48*25 x 19 ft. mean draft. Displacement 
= 4543 tons. Z = 3*15. 23-« = 55*4. Wetted surf, calculated 
= 18,460 sq. ft. Propellers 4 blades. Propeller dia. = 15 ft. 6 in. 
Pitch = 22 ft. 6 in. Pitch ratio = 1 * 45. Surf, ratio = • 413. Block 
coef. = 0*551. Mid coef. = 0*868. Prismatic coef. = 0*635. 

Total weight of machinery = 937 tons, including water. 14 boilers, 
9 ft. X 9 ft. 10 in. = 100 lb. W.P. 

• Propeller dia. = 15 ft. 6 in. Pitch = 22 ft. 6 in. 



Knots 

15*33 

13-27 

10*47 

4-32 



I.H.P. 



4606 

2793 

1441 

210 



Skin H.P. 



1180 
784 
404 



Revs. 



70-4 
59-3 
46*8 
19*9 



App. 
Slip i» 

10*2 
7*7 
7-8 

10-34 



I.H.P. 



214 
230 
218 
105 



I.H.P. varies as the 4th power of the speed at about 14*64 knots. 



100-FT. MoDKL OF Ohioago. — 100 X 15*3 X 6*03 ft. mean draft. 
Displacement = 145*6 tons. Wetted surf, calculated = 1860. Block 
coef. =. 0*551. Mid area coef. = 0*868. Prismatic coef. = 0-635. 



Knots 



i.h.p. 



^ v8-65 

'^^^^7*49 

5-91 


86-6 
, 52-95 
' 27*17 


24*7 
16-65 

8*44 



Skin b.p. 



i.h.p. varies as (speed)^ at about 8| knots (Ym)- 



(Bee Plate XXIV.) 
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Bayern, Qerman Navy, Tmrin Scremr. 

Actual Ship.— 821-5 x 60 x 19-62 ft. mean draft. Displacement 
= 7370. Block coef. = • 682. Mid area coef. = • 882. Prismatic 
noef. = 0-773. Wetted surf, calculated = 23,800 sq. ft. I = 3-21. 



Knots 


I.H.P. 


Skin 
H.P. 


Revs. 


App. 

SUp<}(> 


D|V» 
I.H.P. 


No. of 
Blades 


Propellers 

Pitch : Surf, 
ratio ratio 

1 


10-65 
18-69 
14-04 
14-29 


1796 
4122 

4804 
5488 


545 
1103 
1175 
1238 


64*4 

76-9 

84 

91-6 


10-2 
3-4 
9-3 

11-2 


255 
235 

217 
201 


4 
4 
4 
4 


1-14 
1-06 
1-14 
1-09 


-402 
•368 
•402 
-402 



The I.H.P. varies as the 4th power of the speed at 13-45 knots. 



100-FT. Model op Baybbn.— 100 x 18-7 x 6-11 ft. mean draft. 
Displacement = 228 tons. Wetted surf. = 2310 sq. ft. Block coef. 
= - 682. Mid area coef. = - 882. Prismatic coef. = • 773. 



Knots 



5-95 
7-65 
7*85 
7-99 



i.b.p. 



31-89 
72-9 
84-9 
96^5 




The i.h.p. varies as (speed)* at 7J knots (Vi»). 
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Qlven a 100-ft. Model of an Intermediate 
Channel Steamer. Slnfl^le Scre^nr. 

100 X 13-29 X 5-1 ft. mean draft. Displacement =113-5 tons. 
Block coef. = 0-586. Wetted surf: = 1646 eM^. ft 



Knots 



6-1 
7-17 

8-65 



i.h.p. 



20-5 

35 
52-5 

75 



Lh.p. varies as (speed/ at 8 knots (Ym). 



We want to make an exactly similar vessel 270 ft. long. 2 = 2*70. 
js's = 32-3. The dimensions will be 270 x 35*9 X 13*76 ft. mean 
draft. Displacement = 2233. Block coef. = 0*586. Wetted snrl 
= 12,000 sq. ft. 



Knots 



10 02 
11-77 
a^^l3*15 
14-2 



LH.P. 



630 
1080 
1620 
2333 



The LH.P. varies as (speed)^ at about 13*15 knots. 

The figures for the LH.P. column are calculated thus: For 
10 '02 knots (6*1 knots ym)I.H.P. = (20*5 - skin correction) x 32*3; 
skin friction correction (from PI. IX.) s * 6 horse-power per 1000 sq. ft. 
wetted surf. = 0*6 x 1-646 = 0*988. Therefore, for 10*02 knots 
(61 knots Vw) I.H.P. = 19-512 X 32'8 = 630. Likewise, for 11*77 
knots (7 * 17 knots V») I.H.P. = (35 — skin correction) x I »'* 
= [35 - (1*00 X 1*646)] X 32*3 = 33'354 X 32*3 = 1080. And so 
on. Care must be taken to use Plates yiII.-XI., only for speeds of 
100-ft. model. 

{See PiATO XXW.^ 
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Passenger Steamer. Single Scre^nr. 

Actual Ship. — 285 x 35 x 15*625 ft. mean draft. Displacement 
2543. Prism, coef. = 0-633. Wetted surf. = 13,000. Block coef. 
* 594. Mid area coef. = * 938. 





Knots i 

1 


I.H.P. 


Skin H.P. 


I.H.P. 






6-029 


161-8 


59-2 


253 






9-964 


653-5 


248 


283 




m^ 


12-272 


1190 


443 


290 




13-959 


1928 


637 


263 






15-158 


2808 


806 


231 





LH.P. yaries as the 4t1i power of the speed at about 13-9 knots. 



100-PT. Model op above. — 100 x 12-29 x 5-49 ft. mean draft. 
Displacement = 110 tons. Wetted surf. = 1617. « = 0-571. Mid 
area coef. = 0*938. Prismatic coef. = 0-610. 



Knots 



3-57 

5-9 

7-28 

8-28 

8*99 



i.h.p. 



4*436 
17-83 
32-69 
52*4 

76 



Skin b.p. 



1*78 
7-33 
13-34 
18-9 
24*1 



The i.h.p. is varying as the 4th power of the speed at about 
8J knots (Vm). 



{See Plate XXIV.) 
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Cruiser Colorado. 

(Proceedings American Society of Naval Architects and Marine 
Engineers, 1904. Paper by Mr. J. W. Powell.) 

AoTUAL Vessel. — 502 x 69*5 x 23*92 ft. draft. Displacement 
= 13,670 tons. Block coef. = 0-§^81. Wetted surf. = 44,250 sq. ft. 
Mid ship area = 1595*5 sq. ft. Mid area coef. = 0*972. Trisds in 
29 fathoms. Area of water line, 23,900 sq. ft. Coef. of water plane 
= 0*688. Length of W.L. entrance = Length and 

angle of run, Prismatic coef. = ' 599. 

Engines 38| in. - 63^in - 74 in. - 74 in. ^ ^^ j^ 

48 in. 
Heating surf. = 68,537 sq. ft. Grate area = 1632 sq. ft. 2 propellers, 
3-bladed. Dia. = 18 ft. Pitch = 22 ft. 92 sq. ft. expanded surface 
each. 



Knota 


Mean 
I.H.P. 


E.H.P. 

from 


Revs. 


Pro- 
peller 


LH.P. 
sq. ft. 


App. 
Slip 




tank 
3,500 




eflPqr. 


W.S. 


percent. 
14-2 


15*6 


7,100 


84 


50 


• • 


17 


8,800 


4.700 


91 


54*5 


• • 


14-3 


19 


12,600 


7,ooa 


103 


56 


• • 


14-8 


20 


16,000 


8,600 


109 


54 


• • 


16-4 


21 


20,300 


10,9U0 


115 


54 


, , 


16*3 


22 


24,100 


13,800 


122*3 


57'5 


*546 


17'5 


22*24 


25,000 


14,500 


124 


58 


• • 


17'8 



D|V» 
I.H.P. 



300 
320 
312 
286 
261 
253 
252 



Skin 
H.P. 



2860 
3710 
5110 
5910 
6770 
7750 
7980 



E.H.P. 
LH.P. 



'494 
'535 
'555 
•637 
•537 
•573 
*68 



lOO-FT. Model op Oolobado.— 100 x 13-85 x 4*77 ft. draft. Dis- 
placement = 108 tons. Block coef. = 0*581. W.S. = 1757. Mid 
area coef. = * 972. Prismatic coef. = • 599. 



Knots 


Lh.p. 


e.h.p.* 
from tank 


Propeller 
efficiency 


Skin h.p. 


Wave h.p. 


6-92 


27*43 


14*693 


50 


12*43 


2*263 


7*59 


34*24 


19*74 


54-5 


16*24 


3*5 


8*49 


48 6 


28-78 


56 


22*1 


6*68 


8*93 


61*3 


35*1 


54 


25-6 


9*5 


9-37 


77-2 


44 


54 


29-4 


14*6 


9*83 


91*4 


55 


57-5 


33*6 


21*4 


9*93 


94-7 


57-55 


58 


34-5 


23 05 



Humps and hollows clearly marked. 
♦ Corrected of course for skin friction. 

{See Plates XX.-!OaN .>j 
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T.&& City of^ Paris. 

(From rough figures given by Sir W. H. White.) 

Actual Ship.— 525 x 63 x 21*25 ft. mean draft. (Clipper.) 
Corrected here to 517 (eff. length) x 63 x 21*25 mean draft in feet. 
Block coef. = 0*581. Displacement = 11,550 tons. Displacement 
given elsewhere as 13,000 tons at 23 ft. draft. Wetted surf, calculated 
= 88,000 sq. ft 



Knots 



10 
14 
18 
20 



I.H.P. 



2,000 

4,600 

10,000 

14,500 



LH.P. 



255 
304 
297 
281 



Skin H.P. 



710 
1840 
3760 
5070 



I. H.P. varies as (speed)^ at about 19*3 knots. The speed at trial 
was higher than 20 knots. 



100-FT. Model of City of Paris. — 100 x 12*2 x 4*11 ft. mean 
draft. Displacements 83-6 tons. « = 5'17. Block coef. = 0*581. 



Knots 



4*36 
611 
7-86 
8-73 



i.b.p. 



6-848 
15*89 
34*4 
49*5 



Skin b.p. 



2*738 

7-1 
14*5 
19-46 



i.h.p. varies as (speed)* at 8J knots (Vm). 



{See Plate XXIV.) 
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T.818. Normannia (now Li'Aqultalne> 

(From Prof. W. F. Durand's Book, ** Beaistaxioe of Shipg and Sorew 

Propulsion.**) 

Actual Dimensions. — 498 * 7 x 57 - 4 x 22 * 25 ft. mean draft. Dis- 
placement = 10,500 tons. w = 0-582. Mid. area = 1169 sq. ft. Mid. 
coef. = 0-915. Prism, ooef. = 0-636. 

Engines, 3 cylinder triple, 2 sete, *?iH!_- ^ ^"- " ^^ i°- 



66 in. 
PropeUers, 3 blades, dia. = 18- 12 a Pitch = 2674. 



Pitch 
Dia. 



= 1-48. 



Area = 87-6. Area ratio = 0-313. Boiler pressure = lb. sq. in. 



Knots 


I.H.P. 


20-75 
18-63 
14-53 
10-12 


16,244 
9,616 
4,310 
1,570 



I 



SUn 
h.p. 



Revs. 



5230 92-5 

3860 I 80 

1900 I 60 

686 ' 40 



App. i 
slip P|Vi 

P«r I iJlpT 
cent. 



Indie, 
thrust lb. 



150 

11-7 

8-2 

4-2 



264 
323 
341 
315 



217,000 

148,500 

88,600 

48,400 



Lb. 

Mean 

preesaro 

ref. L.P. 

i^linder 



30 
20-6 



I.H.P. varies as (speed/ at about 19 knots. 

100-FT. Model or Noriiannia. — 100 x 11*5 x 4*46 ft. mean draft 
Displacement = 85-5 tons. 2 = 497. Block coef. = 0*582. Mid 
area coef. = 0-915. Prismatic coef. =0*636. 



Knots 



9*32 
8-36 
6-53 
4*54 



i.b.p. 



Skin b.p. 



63-9 
38-26 
17-44 
6*311 



28*7 
17-26 
8-69 
3-086 



i.h.p. varies as (speed) ^ at 8} knots (Vm). 



(Se^ Plato XXiN .^) 
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T.&& City of^ Lowell. 

/ Pleasure steamer runniDgJ|on Long Island Sound. 

(Described in the Proceedings of the American Society of Naval 
Arcliitects and Mariae Engineers, 1895, by Prof. Denton.) 

Built by A. Gary Smith, New York. Engines by Bath Ironworks, 
Maine. For 600 passengers, 420 tons freight. 

Actual Vessel.— (L.W.L.) 319-9 x 48 x 12 ft. 10 in. mean draft. 
Displacement = 2445 tons. Block coef. = 0*434. Mid ship area 
= 467 sq. ft. Mid coef. = 0*76. Prismatic coef. = 0*572. Wetted 
surf. = 13,855 sq. ft. Aug. surf. = 15,399 sq. ft. Air and bilge 
pumps on each main engine. 

Cylindew 26 in. - 40 in. - 64 in. 

36 in. 
Propellers, 4 bladed solid manganese bronze, polished and sharp. 

^^ = 1-5. Dia. = 11-08 ft. 23 in. dia. boss. Pitch = 16-63 ft. 
Dia. 

Projected area = 33-56 sq. ft. Exp. surf. = 46*86 sq. ft. Immersion 

16 in. Both screws turn same direction. Area ratio = 0-486. Slip 

at 111 • 2 revs. = 7 per cent. 



Trials 
Date. 


Knots 


I.H.P. 


Revs. 


Tons .__ 


Tndic. 

thrust 

lb. 


D<V3 
LH.P. 


Mean 
Pressure 
ref. L.P. 


1 

May 29 ..1 16-2 
May 30 .. 19-27 

1 


1 
2727 1 108*1 
4347 125-9 


2646 8-73 
2445 1 6-9 


50,000 
68.500 


291 
299 


21-73 
29-65 



Total feed per hour, all purposes, per LH.P. main engines = 17-5 lb. 
Feed water consumed by main engines aloue, per I. U.P. hour = 15 * 16 lb. 
Probable percentage of total feed consumed by auxiliaries = 11-25. 
Water evap. per sq. ft. heating surf, per hour lb. = 19-3 at 16-2 knots. 
Coal per sq. ft. grate, per hour lb. = 16*7 at 16-2 knots. 



100- FT. Model op City op Lowell. — 100 x 15-1 x 4 -04 ft. mean 
draft. Displacement = 75-9 tons, a = 0-434. Mid area coef. = 0*761. 
Mid area = 46 * 3. Z = 3 * 18. Z ^'^ = 57 * 2. Wetted surf. = 1370 sq. ft. 
Aug. surf. = 1521. Prismatic coef. = 0*572. 



Knots 




Skin h.p. 



21 
34-28 



(See Plate XXIV.) 
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U.8. B.81 Maine, T^nrin Scre^nr. 

(Prom Paper by Assistant Naval Constructor Powell, U.S. Navy.) 

Curve " B," or I.H.P. from mean of revs, over measured mile, Delaware 
breakwater, July 16, 1902. 23 ft. 2 in. mean draft. 

AoTUAL Dimensions (from Prof. Peabody's book). — 388 x 72-2 
X 23 -5 ft. mean draft. Block coef. =0-65. Displacement = 12,250 
tons. Wetted surf. = 34,490. 



Knots 


I.H.P. 


Skiu 
H.P. 


Revs. 


D|V» 
LH.P. 


9 


1,480 


486 


• • 


261 


12-3 


3,460 


1167 


78-5 


285 


14-08 


5,300 


1707 


• • 


279 


'BBMj. V 16 

^'^ 18-15 


8,500 


2475 


• • 


256 


15,600 


3520 


122 


204 



LH.P. varies as (speed)^ at about 16*35 knots. 



100-PT. Model or Maine. — 100 x 18 • 6 x 6 - 05 ft. mean draft. Block 
coef. = 0-65. Displacement = 210 tons. Wetted surf. = 2291 sq. ft. 





Knots 


i.h.p. 


Skin 
b.p. 






4-57 
6-25 
7-15 

•»M»j>. V Q- 1*5 

^'^^9-23 


13-62 
32-15 
49-07 
78-1 
141-8 


4-97 
12-2 
17-87 
25-7 
36-8 





i.b.p. varies as (speed)* at about 8 * 3 knots (Vm). 

{See Plate XXV ) 
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Progressive Trials. 



Ari^onaut, 1st Class Cruiser. 

C Engineering,** 1898, and March 31, 1899.) 

Actual Vessel. — 435 x 69 x 25*25 ft. mean draft. Displacement 
11,000 tons. Block ooef. = 0*51. 



Knots 



13-15 
19-86 
21-17 



I.H.P. 



3,756 
13,815 
18,894 



Revs. 



74-6 
116 
128-4 



l.HJ». 



299 
280 
249 



Skin U.P, 



1377 
4460 
5340 



I.H.P. varies as (speed)^ at about 19} knots. 
l^nqine%t 4 cylinder triple. 



. 


Mean I.H.P. 


H.P. 


2891 


2869 






LP. 


2413 


2510 


Beceivers — 




F.L.P. 


1988 


1921 


238 lb. 




A.L.P. 


2319 


1983 


94 lb 










231b. 






9611 


9283 



I.H.P. Total = 18,894 

100-PT. Model of Argonaut. — 100 x 15-87 x 5-8 ft. mean draft. 
Block coef. = 0-51. Displacement = 133*7 tons. 



Knots. 



6-3 
9*52 
10-16 



i.b.p. 



23-68 
86-0 
116-8 



Skin h.p. 



9*82 
31-5 
37-8 



i.h.p. varies as (speed)^ at about 9 - 35 knots (Ym). 



(See Plate XXV.) 
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1st Olass Cruiser Monmouth, Tmrln Scre^nf. 

(See <" Engineering," May 22, 1908, Vol. 75.) 

Actual Ship. — ^0 x 66 x 24*5 ft. mean draft. Displacement 
= 9800 tons. Engines, triple, 22,000 I.H.P. at 140 revs. 250 lb. 
steam. 31 boilers. Trial* bad weather. Block coef. = 0'484. 
Wetted snrf. calculated = 33,300 sq. ft. Propellers dia. =15*75 ft 
Pitch = 20*0 ft. Exp. surf. = 80 sq. ft. Area ratio = 0*41. 





EnoU 


IH.P. 
1,750 


SklD H.P. 


Revs. 


tap. 






10*13 


652 


60*2 


272 






13-10 


3,585 


1347 


77*8 


287 






16*93 


7,860 


2770 


101*3 


283 




• 


19*0 


11,066 


3840 


113*3 


284 






21*4 


16,320 


5410 


127-8 


275 




s>-> 


22-8 


22,185 


6500 


139 


245 





The I.H.P. is varying as the 4th power of the speed at about 21^ knots. 



100-FT. Model of Monmouth. — 100 x 15*0 x 5 -57 ft. mean draft. 
2 = 4-40. V^ = 178-5. « = 0-484. Displacement = 115 tons. 
Wetted snrf. calculated = 1720. Propellers dia. =3-58. Pitch 
= 4*54. Area ratio = 0-41. 



Knots 



4" 
6" 
8' 
9- 
10' 



83 
25 

07 
06 
2 



Corresponding 
Kevs. 



10-87 



126 
163 
212-5 
238 
268 
292 



Lh.p. 



10*535 
21-7 
47*45 
66-65 
97-7 
131*6 



Skin h.p. 



4 
9 



385 

15 



18*92 
26-15 



36 
43 



5 

7 



The i.h.p. is varying as the 4th power of the speed at about 
lOJ knots (Vm). 



{Set PLiLTli XXX .^ 
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Progressive Trials, 



Barham, Cruiser. 

Actual Ship Dzmensioits. — 280 x 35 x 13*25 ft. mean draft. 
Displacement = 1830 tons. Wetted surf, calculated = 11,130 sq. ft. 
Block coef. =0-495. 



Knots 



10-138 
14-266 
17-553 
19-512 
20-069 



Revs. 



100-1 
143-5 

177 
201-2 
210-4 



LH.P. 



551 
1701 
3242 
5008 
5870 



Skin H.P. 



224 

579 

1047 

1414 

1528 



Actual Ship Dimensions. — 280 x 35 x 12-5 ft. mean draft. Dis- 
placement = about 1730 tons. Wetted surf, calculated = 10,770 sq. ft. 



Knots 



■> 



10-078 
14-164 
17-837 
19-585 
19-491 



Revs. 



101-2 
143-9 
183-5 
204-4 
202-2 



LH.P. 



616 
1899 
3683 
5410 
5280 



Skin H.P. 



212-4 

552 
1060 
1380 
1365 



I.H.P. varies as (speed)* at about 18-65 knots in both cases. 



100-PT. Models op Babham. 

i>i7»en«Mm«.— 100 x 12*5 X 4-74 ft. mean draft. Displacement 
83-4 tons. Wetted surf. = 1420 sq. ft. Block coef. = 0-495. 





1 

Knots 


i.h.p. 


Skin h p. 






6-06 
8-52 

■^^__v J-U * 

^^^11-66 
12-0 


15-76 
48-62 
92-4 

142 

166 


6-85 

18-04 
32-6 
44 
47-7 





(See Plates XXV. and XXVIII.) 
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Barham. 

Dimensions. — 100 x 12*5 x 4*46 ft. mean draft. Displacement 
78-9 tons. Wetted surf. = 1375 sq. ft. Block coef. = 0-494. 



Knots 



6-03 

8-46 

10-67 

11-69 

11-66 



i.h.p. 



17*6 

53-87 

104-7 

152-9 

149-4 



8kinh.p. 



6 
17 
33 
42 

42 



"6 

17 

2 

'9 

6 



i.h.p. varies as (speed)^ at 11 * 15 knots (Ym) in both cases. 



(See Plates XXV. and XXVIII.) 
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Progressive Trials. 



Pyramus and Pegasus, 
Mp» ciassi 3rd Class Cruisers. 

(«* Engineering," December 22, 1899.) 

AoTUAL Ship Dimensions. — 300 x 36*5 x 13*5 ft. mean draft. 
Displacement = 2135 tons. I.H.P. = 7000. Block coef. = 0*506. 

Pegasus. Wetted surf. &r about 12,450 sq. ft. 



Knots 


I.H.P. 


Skin 
H.P. 


Revs. 


D|V» 
i.H.P. 


Mean 
draft 


Conditions of trial 


^ V 17*26 

200 
21*2 


3698 

5400 
7127 


1114 

1690 
1995 


176'4 

203*25 
217 '75 


231 '6 

240 
211 


13-625 

13-0 
12-6 


( 30 boars consompt. trial at 
\ 3500 1.H.P. 

8 hours at 5000 I.H.P. 

4 hours full power run 





Ptbahus. 


Wetted surf. 


= about 12,740 sq. ft. 


Knots 


I.H.P. 


Skin 
HJ». 


Revs ^»V' 
"®^- il.H.P. 


Mean 

draft 


Dis- 
place- 
ment 


Conditions of trial 


^^v^l7-49 
^ ^19-9 
20-7 


3605 
5424 
7303 


1154 
1670 
1860 


176-6 

205-05 

220*3 


255*5 
243 
203 


14-21 

13-666 

13-625 


2260 
2160 
2155 


30 hours consumpt. trial 
8 boors at 5000 1.H.P. 
4 hoars full power 



Average of the two curves sliows I.H.P. varying as (speed)^ at 
19^ knots of ship. 

100-FT. Model of Peoasus. Wetted surf. = about 1384 sq. ft. 



Knots 


i.b.p. 


Skin 
h.p. 


Dimensions of 
vessel 


Dis- 
place- 
ment 


Conditions 


,,». V 9-96 

^^"^11-55 

12*24 


82-8 

121*1 

159 


27-5 
41*8 
49-2 


100X12*17X4*54 
100X12-17X4-34 
100X12-17X4-2 


79*9 
76-2 
73-5 


30 hours 
8 hours 
4 hours full power 



100-FT. Model of Pyramus. Wetted surf. = about 1416 sq. ft. 



Knots 


i.h.p. 


Skin 
h.p. 


101 
11-5 
11-96 


81-68 
122*5 
163*5 


29-28 

42*3 

47*1 



Dimensions of 
model 



100X12-17X4*74 
100X12-17X4-55 
100X12*17X4*54 




Conditions 



30 hours trial 
8 hours trial 
4 hours full power 



A.rerage of these two shows i.h.p. as (speed)* at about 11 J knots (Vm). 

(See Plate XXY.) 
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Topaze and Amethyst, British Cruisers. 

(Topaze with reciprocating engines.) Amethyst with turbines : 
Propellers, dia. = 6* 5 ft 3000 tons displacement. 3 shafts, one screw 
on each. 250 lb. per sq. in. boiler pressure. 

Actual Vessel. — 360 x 40 x 14*5 ft. draft. Wetted surf, calculated 
= about 16,110 sq. ft. Block coef. = 0*504. Figures for progressive 
trial of Amethyst taken from curves in Mr. Speakman's paper, 
Trans. Inst. Engineers and Shipbuilders in Scotland, 1905-6. 



Knots 


I.H.P. 


Skin H.P. 


D|V» 




14,000 




I.H.P. 


23-4 


3400 


190-3 


23-0 


12,300 


3240 


206 


^ V 22-0 
^ir^21-0 


9.550 


2850 


238 


7,800 


2490 


247 


20 


6,500 


2172 


256 


19 


5,400 


1880 


264 


18 


4,500 


1611 


270 


17 


3,750 


1370 


273 


16 


3.160 


1160 


270 


14 


2,200 


787 


259-5 


12 


1,460 


512 


246 


10 


850 


306 


245 



I.H.P. varies as (speed)^ at 21 * 33 knots. 

100-PT. Model of Amethyst. — 100 x 11*1 X 4*03 ft. mean draft. 
Wetted surf. = about 1242 sq. ft. Displacement = 64*3 tons. Block 

{See Plate XXV.) 



coef. = 0-504. 









D|V» 


Knots 


I.h.p.' 


Skin b.p. 


I.H.P. 
corrected 


12-33 


165-2 


45-2 


186-6 


12-11 


145-4 


42-9 


200 


■MM^ V 1.x. 0*7 

^^11-07 


113-6 


37-9 


225 


93-3 


33-3 


239/Hump at 
247\10-4kt8. 


10-54 


77-9 


29 


10-0 


64-8 


25 


254 


9-49 


54-3 


21-6 


259 


8-96 


45-21 


18-28 


261 


8-43 


38-05 


15-4 


258 


7-38 


26-68 


10-68 


247 


6-33 


17-56 


6-85 


237 


5-27 


10-24 


4-1 

\ 


i^ '^^ 



i.h.^, varies as ^speedy «.\. \\\>EaoNA VNl'"^^, 
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Progressive Trials. 



H.M. Scouts, Patrol and Pathfinder. 

T^Mfln Scre^Mf. 

Actual Ybssel. — 870 x 38*75 x 14*18 ft. draft. Displacement 
= 2850 tons. Block coef. = 0-491. 

Engines 32^ i^. - 51^ in. - 58 in. - 58 in. 

30 in. 

275 lb. per sq. in. steam. 13^ in. shaft. 6| in. bore. Two sheet brass 
condensers 6 ft. 3 in. dia. 14,000 sq. ft. total cooling surface. 17 in. 
dia. circulating water inlet. 



; Knots ., 
! Revs . , 

I.X1.P. . , 

I D|V3 
' LHTP.' 






Pathfinder 



10-988 
85-4 
1063 

251 



25-345 
220-2 
17,235 

190 



Patrol 



10-969 
84-7 
1164 

228 



25-06 
213-5 
16,433 

192 



I.H.P. varies as (speed)^ at 22 - 8 knots. 



100-PT. Model op Scoots.— 100 x 10-47 x 3*83 ft. mean draft. 
Displacement = 56*25 tons. Block coef. = 0*491. 

The i.h.p. is varying as the fourth power of the speed at about 
llf knots (Vm). 

H.M.S. Forward and Foresifl^ht. Scouts. 





Forward 


Foresight 


Knots .. 


• • 


25-28 


10*5 


25*22 


Kevs .. .. 


• • 


• • 


. . 


• • 


I.M.P 


• • 


15,000 


810 


14,330 


D|V» 




217 


287 


226 


I.H.P. 











(See Plates XXV., XXVIL, XXVm.) 
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Italian Ironclad Lepanto. 

rXrans. Inst. Kaval Architects, 1888.) 

Actual Ship.— 400-5 x 72-75 x 30-125/C. mean draft at T 
Displacement = 14,740 tons. Wetted surf. = 36,325 sq. ft. 
screws, Admiralty type. Dia. =.20*5. 3 blades. Pitch = 
Pitch ratio = 1. Flat surf. = 80 sq. ft. 

[At 28-33 ft. mean normal draft, midship area = 1843 
Displacement = 13,851 tons. Block coef. = 0*588. Prism. 
= • 659. Mid area coef. = * 894.] 

* At trial draft tJte restdts are : 

The speeds at which the I.H.P. seems to vary as (speed)^ are approx. 14*2 kni 
18 knots. [In the tabled the extreme breadth is given, viz. H ft] 



Knots 


IH.P. 


E.H.P. 


Sktn 
H.P. 


Wave 
H.P. 


Tons 

net 

Resist. 


Bevs. 


I.H.P. 


E.H.P. 
I.H.P. 












ance 








6 


700 


210 


160 


50 


5-1 


32 


210 


•80 


7 


1,000 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


9 


1,810 


670 


512 


158 


11-3 


47-5 


241 


•37 


10 


2,450 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


12 


4,060 


1680 


1147 


533 


20-7 


62 


251 


•414 


15 


8,540 


3700 


2140 


1560 


34-4 


77 


240 


•433 


16 


10,300 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


18 


14,600 


6900 


3604 


3296 


57-7 


91^3 


241 


•478 


18-45 


16,100 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


19 


19.300 


9740 


4160 


5580 


75 


96-6 


235 


•505 



100-PT. Model of Lepanto. — 100 x 18-17 (18*5 extreme) > 
ft. mean draft. Displacement = 230 tons. Take block coef. = 
Wetted surf. = 2270 sq. ft. [(At ext. draft) Block coef. = 0-57f 
mid. draft) Block coef. = 0'588. Take prism, coef. = 0*66 : tal 
area coef. = 0-896— these coefficients do not agree with above.] 



Knots 


Lh.p. 


e.h.p. 


Skin 
h.p. 


Wave 
h.p. 


Lb. net 
Resistance 


3 


• • 


. . 


• • 


•391 


178-6 


4 5 


14-88 


6*018 


4*76 


1-235 


396*6 


6 


33-63 


14 96 


10-78 


4-17 


726 


7-5 


70 


32-16 


200 


12*2 


1205...Hax 


mh> 9 


119-5 


59.3 


33*6 


25-76 


2020 


9-6 


157*8 


82-9 


39-7 


43-6 


2625 



/ 



i.h.p. might vary as (speed)^ at two or three different parts 
carve. For instance, at 9 knots (Vm) rising up out of a holloa 
7*1 knots mounting a hump. 

(See Plates XK. k^\> "KX>5\>i 
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Progressive Trials, 



Ferry-boat Ed^ewater. 

Propeller at each end of boat. Trial with aft. screw only. 

(Proceedings American Society of Naval Architects and Marine 

Engineers, 1902.) 

Actual Vessel.— L.W.L. 173 x 34 x 9-8 ft. trial draft. Dis- 
placement = 687 tons. Block coef. =0-417. Wetted surf. = 5764 (to 
base) sq. ft. Propellers, one at bow 10*03 ft. pitch; one at stem 
10-19 ft. pitch; 8-0 ft. dia.; boss 18 in. dia. Exp. surf. =31*9 sq. ft. 
Proj. surf. = 26*4 sq. ft. 

Trial with one screw astern ptishing. No propeller forward. 











Mean 


DtV» 


Steam 


App. 




Knots 


I.H.P. 


Revs. 


pressure 


lb. 


slip per 










ref. L.P. 


I.H.P. 


press. 


cent. 


Up 


6-84 


120 


78-6 


9-07 


208 


136 


13-38 


. Down 


7-01 


143 


80-9 


10-45 


188 


135 


13-83 


Up 


8-85 


209-9 


99-8 


12-42 


257 


136 


11-72 


Down 


8-77 


224-5 


99-7 


13-22 


234 


133 


12-41 


TJp 


10-23 


358-5 


120-7 


17-45 


233 


133 


15-7 


Down 


10-42 


390-7 


122-7 


18-8 


226 


131-5 


15-37 


Down 


10-72 


468-5 


130-7 


21-15 


206 


137-5 


18-31 


Up 


10-39 


408-1 


125-7 


18-97 


214 


136 


17-9 


Down 


11-5 


654-5 


143 


26-61 


181 


127 


19-92 


Up 


11-27 


570 


138-6 


24-1 


195 


136-5 


19-12 


Up 


12-52 


1015 


166-5 


35-2 


151 


123 


25-1 


Down 


12-61 


949 


164 


34-07 


165 


111 


23-4 



Engine cylinders, 



22 in. - 30 in. - 30 in. 
24 in. 



Piston rods, 4} in. dia. 



Summary. 



I.H.P. 



Knots 


Total 


Skin 
40 


Resid. 


6-92 


131-5 


91-5 


8-81 


217-2 


79-2 


138 


10-28 


374-6 


122-8 


251-8 


'm s 10-55 
^^*^ll-38 


438-3 


132 


306-3 


612-2 


163 


449-2 


12-56 


982 


215 


767 



LH.P. varieB as (speed)* at 11-05 knots. 



Progressive Trials. 
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100-PT. Model op Edgewateb. — 100 X 19'65 x 5*66 ft. trial draft 
mean. Displacement = 132 * 5 tons. Block ooef. = Q*417. Wetted 
surf. = 1920 sq. ft. 





Knots 


i.h.p. 


Skin h.p. 






5-27 


19-81 


6-35 






6-7 


32-78 


12-48 






7-83 


56-4 


19-4 






^ v8-03 
^^^8-66 


65-95 


20-95 






91-65 


25-65 






9-55 


146-9 


34-0 





i.h.p. varies as (speedy at 8*4 knots (Vm). 



(See Plate XXVI.) 
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Progressive Trials. 



200(Kton T.8.8. 

Actual Dimensions. — 250 x 34*45 x 14*7 ft. mean draft. Dis- 
placement = 2000 tons. Block coef. = 0*554. Fine midship section. 

Progressive trial. 



Knots 


I.H.P. 


Skin 
H.P. 


H- m 


Percentage 

Engine 

Efficiency 


16-1 
15-86 
15-26 
^^14-87 
^^^^14 01 
12-9 
11-9 
10-9 
9-92 


3730 
8400 
2797 
2470 
1864 
1324 
979 

560 


808 
776 
692 
639 
545 
438 
342 

205 


158-5 
155 
145*0 
140*4 
128-8 
115*5 
105-8 
95-3 
85-5 


178 
186 
203 
212 
235 
258 
273 

276 


87-8 
87-5 
86-3 
85-6 
84-3 
81-9 
79-5 
76*8 
73-8 



LH.P. varies as (speed)^ appzox. about 14-55 knots. 



100-PT. Model op 2000-ton T.S.8.— 100 x 13-8 x 5-88 ft. mean 
draft Displacement = 128 tons. Block coef. = 0-554. Fine midship 
section. 





Knots 


l.h.p. 


Slcin h.p. 






10-2 


155*3 


37 






10-02 
9-65 
^ V 9-4 

^^^^8-86 


141*3 
116-9 
103-65 
78-2 


351 
31-7 
29-45 
24-8 


(See 

Plate 

XXVI.) 




8-15 


55-4 


19-6 






7-52 


41-55 


15-75 






6-89 


• • 


12-2 






6-27 


23*65 


9-3 





lA.p, varies as (speed)* at 9-2 knots (Vw). 



.Progressive Trials, 
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Qood Hopei 1st Class Cruiser. 

(" Engineering," March 7, 1902.) 



Actual Vessel. — 500 x 71 x 26*1 ft mean draft. Displaoemeut 
14,100 tons. Blook coef. = 0*533. Wetted surf, calculated 
41,100 sq. ft. 



Knots 


Revs. 


I.H.P. 


Apparent 
SUpTb 


I.H.P. 


Skin 
H.P. 


10-6 


~ 51 


2,689 


7*2 


259 


906 


13-63 


65*8 


5,096 


7*5 


290 


1850 


15-91 


77*5 


7,953 


8*4 


296 


2880 


18*10 


90 


12.108 


10*2 


286 


4140 


^ .20*58 
^^*^22*10 


99*8 


16,960 


8-0 


300 


5950 


109*1 


22,467 


9*6 


280 


7280 


23*05 


126*2 


31,088 


18*5 


230 


8230 



I.H.P. varies as (speed)^ at 21} knots. 



100-FT. Model of Good Hope.~100 x 14*2 x 5*22 ft. mean 
draft. Displacement = 113 tons. Block coef. = 0*533. Wetted surf, 
calculated = 1646. 



Knots 



4- 
6 
7- 
8 
9 
9 
10 



74 

1 

12 

1 

2 

89 

3 



Lh.p. 



10-37 
19*8 
30-82 
46*74 
65*58 
86*4 
117*7 



Skin b.p. 



3*98 

8*2 
12*67 

18*24(Hump 
26*18{ at8i 
32*1 I knots 
35*9 



{See 
Plate 
XXVI.) 



i.h.p. varies as (speedy at 9*6 knots. 
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Terrible, 1st Class Cruiser. 

Actual Ship. — 500 x 71-5 x 27 ft. mean draft. Displacement 
= 14,200 tonfl. Block coef. = 0-515. Wetted surf. = 41,260 sq. ft- 
calculated. Propellers dia. = 19*5 ft. Pitch = 24-0. Exp. surf. 
= 92 sq. ft. 



Knots I.H.P. 

1 


SkinH.P. 


I.H.P. 


App. 

Slip Vo 


Revs 


Mean press. 

referred to 

L.P. 


13-434 
:«*^_v 20-964 
^^^22-41 


5,073 
18,500 
25,648 


1783 
6280 
7620 


280 
292 
257 


11-0 
14-4 

• • 


63-71 
103-45 
112-26 


17-9 
40-9 
52-1 



The I.H.P. is varying as the 4th power of the speed at 21} knots. 



100-FT. Model op Tebbible. — 100 x 14*3 x 5-4 ft. mean draft. 
Wetted surf. = 1650. Displacement = 113 - 6 tons. Block coef. 
= 0-515. 



Knots 



6-02 

9-38 

10-03 



i.h.p. 



19-7 
71-4 

98 



Skin h.p. 



7-92 
27-7 
33-5 



The i.h.p. is varying as the 4th power of the speed at about 
9*6 knots (Vw). 



Progressive Trials. 
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Gunboat Ceram. 

(Trans. Inst. Naval Architects, 1888.) Trials (July 26), 8-95 ft. mean 
draft. Copper sheathing. E.H.P. &om model experiments. 

AoTUAL Ship.— 152 x 25*6 x 8*95 ft. mean draft. Block ooef. 
= 0-513. Mid area coef. = 0-783. Mid area = 179 sq. ft. Prismatic 
ooef. =0*654. Displacement = 510 tons. Wetted surf. = 4600. 
Cylinders 20 in. - 29 in. - 46 in. ^ ^go lb. press. Propeller 4 blades. 

Dia. = 9 ft. Expanded surf. = 30 sq. ft. Pitch = 13 ft. 



Knots 
E.H.P. 



8-7 
118 



9-7 
169 



10^6 
230 



11*35 
298 



12 
372 



E.H.P. calculated by author of paper. 



Skin H.P. 


61^2 


83^7 


107 


130 


151-6 


WaveH.P. 


56^8 


85-3 


123 


168 


220-4 



Knots 


I.H.P. 


Skin H.P. 


E.H.P. 


D|V» 








I.H.P. 


i.H.P. 


6-25 


61-2 


24-1 


• • 


254 


8-5 


197-4 


57^5 


•583 


198 


8-84 


204^4 


64 


•59 


215 


8-95 


219-5 


66-2 


•592 


209 


^ ^ 9*396 


255-1 


76 


•60 


206 


9-^ 12-124 


607 


156-3 


•645 


187 


12-19 


616-6 


159 


•645 


186 



I.H.P. varies as (speed)^ at 11-96 knots. 

The coefficient of skin friction^*/" is taken at 0-00953 for the full- 
sized ship. 
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lOO-FT. Model of Cebam. — Copper sheathing. 100 x 16*85 
X 5*89 ft. mean draft. Mid area coef. = 0*783. Mid area = 77*5. 
Displacement = 145*2 tons. Wetted surf. =: 1990 sq. ft Block ooefl 
= * 513. Prismatic coef. = * 654. 



Knots 
e.li.p. 


706 
27*3 


7*88 
39*0 


8-61 
53*1 


9-21 
68*9 


9*75 
86 


e Ji.p. from figures by author of paper. 


Skin h.p. 
Wave h.p. 


14-95 
13' 1 


20*4 
19-7 


26*35 

28-4 


31*9 
38*8 


37*4 
50-9 


», 




i.h.p. 



14*47 
46-35 
48-25 
51-66 
60-16 
142-1 
144-6 



Skin h.p. 



5*9 
14*05 
15-75 
16-26 
18*76 

38 
38-8 



ih.p. varies as (speed)* at 9*7 knots (V»). 

Note. — The skin horse-power of the 100-ft. model has been com- 
puted as if the hull were painted steel, by mistake. Exercise for the 
reader: Make a new column of Skin i.h.p. corrected for copper 
sheathing. (The difference will be slight.) 



(See Plates XX, and XXVII.) 
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H.M.8. Iris, Steel Despatch Vessel. 

Sharp entrance and run 

(From Mr. Wright's paper to the Inst. Naval Architects, 1879. 
3rd series of trials, July 3, 1878.) 

Actual Ship.— 300 x 46-08 x 18-08 ft. mean draft. Displace- 
ment = 3290 tons. Block coef. = 0*461. Mid area coef. = 0-889. 
Prism, coef. = 0-52. 700 sq. ft. mid ship section immersed. Pro- 
pellers, 4 bladed modified Griffith's screw, Twin. Dia. = 16 ft. 3} in. 
Pitch = 19 ft. 11 J in. Exp. surf. = 144. Area ratio = 0-288. 



Knots 



7-797 
12-279 
16-564 
18-573 



Revs. 


D|V3 
I.H.P. 


40-96 
61-34 
85-38 
97-189 


173 
223-4 
196-8 
183-7 



App. slip 
per cent. 



I.H.P. 



Skin H.P. 



3-36 ' 606 
-1-63 ' 1833 



1-5 
2-97 



5108 
7714 



153-4 
541 

1265 
1747 



I.H.P. varies as (speed/ at about 17} knots. 



100-FT. Model op Iris. — 100 x 15-4 x 6*0 mean draft. Dis- 
placement = 123 tons. Prismatic coef. = 0*52. Block coef. = 0*461. 
Mid area coef. = 0889. 



Knots. 



4-5 

7-09 

9-56 

10-72 



i.h.p. 



13-383 
41-02 

113-44 

170-9 



Skin h.p. 



3-703 
13-4 
31-23 
43-2 



i.h.p. varies as (speed)^ at about 10 J knots (Ym). 

{See Plate XXVIV^ 



\ 
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H.M.8. Terpsichore, 2ncl Class Cruiser. 

(Information from Seaton and Bounthwaite's Pocket Book. Bough 

figures only.) 



Actual Ship. — 300 x 43 x 16*18 ft. mean draft. Displaoement 
= 3330 tons. Block ooef. = 0-558. 



Knots 



10 
14 
18 
20 



I.H.P. 



800 
2400 
6000 
9000 



Skin H.P. 



296 

758 

1551 

2093 



I.H.P. 



279 
255 
217 
198 



I.H.P. yaries as (speed/ at about 18*33 knots. 



1 00-FT. Model OP Tebpsichobe. — 100 x 14*34 x 5* 39 ft. mean draft. 
Displacement = 123 * 3. Block coef. = * 558. Z = 3 • 00. 2 ''» = 46 * 8. 



GorrespondiDg 
Knots 



5-77 

8-08 

10-39 

11*55 



Lh.p. 



18-06 
54-05 
133-4 
199-6 



Skin h.p. 



7-29 
18-95 
38-3 
51-8 



Remaining 
b.p. 



10-77 
35-1 
95-1 
147-8 



i.h.p. varies as (speed)* at about 10*6 knots (Vm). 

The '^ Eemaining " h.p. may be split up into its constituents, viz. : 
Engine friction h.p. ; Propeller loss ; wake gain and thrust deduction' 



{See Plate XXVII.) 
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H.M.8. Edffar, 1st Class Cruiser. 

(From Seaton and Boimthwaite*s Pocket Book. Bough figures only.) 

Actual Ship. — ^360 x 60 x 23*75 ft. mean draft. Displacement 
= 7390 tons. Block coef. = 0*504. 



Knots 



10 

14 
18 
20 



I.H.P. 



1,000 

3,000 

7,500 

11,000 



Skin H.P. 

479 
1240 
2537 
3410 



I:H.P. 



380 
347 
295 
276 



I.H.P. varies as (speed)^ at approx. 19 knots. 
** Engineering," Aug. 9, 1901, gives :— 



Knots 



11*89 

13*45 

16*51 

18*6 

20*49 



Revs. 



55*9 
63*1 
79*3 
92*8 
106-2 



I.H.P. 



1,690 
2,464 
5,102 
8,401 
13,101 



100-FT. Model of Edoab.— 100 x 16 * 66 x 6 * 6 ft. mean draft Dis- 
placement = 158*5. Block coef. = 0*504. I = 3*60. V = 46*65. 
Z»-* = 88*5. 



Knots 



5*275 
7*39 
9*49 
10*54 



Lh.p. 



12*33 
36*7 
90*0 
131*3 



Skin h. p. 



6*44 
16*8 
33*9 
45*4 



{See 
Plate 

xxvn.) 



i.h.p. varies as (speed)* xowg\AY «X\^'^53ia\A^'ro^« 
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H.M.8. Hermes. 

(Trials deacribed in ** Engineering," June 1899.) 

Actual Ship.— 350 x 54 x 20*5 ft mean draft. Displacement 
5600 tons. Block coef. = * 506. 



Knots 



10-4 

10-45 

13-4 

18*8 

20-5 



I.H.P. 



1,018 
1,074 
2,099 
7,713 
10,224 



Cutoff 
H.P. CyL 



Revs. 



60 
20 
28 
56 
71 



86-5 

85 

109 

165-9 

182-7 



Lb. 
Engine 
Steam 


I.H.P. 


124 

173 

155 

222J 

229 


348 
335 
361 
272 
265 



I.H.P. varies as (speed)^ rongbly at about 18*7 knots, but curve 
uncertain. 



lOO-rr. Model op Hebmes. — 100 x 15*42 x 5*85 ft mean draft 
Displacement = 130-8 tons. Block coef. = 0-506. 





Knots 


i.h.p. 


Skin h.p. 


Eevsm 






5-56 


13-69 


6-86 


• • 






5-59 


14-43 


6-97 


. • 






7-16 


28-28 


14-06 


204 






10.05 


101-8 


86-6 


310 






10-96 


134-7 


46-7 


342 





i.h.p. varies as (speed)* anywbere about 10 knots (Vm), but curve 
uncertain. 
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H.M.8. Sharpshooter Class, Gunboat. 

(From Seaton and Bonnthwaite's Pocket Book. Bongh figures.) 

Actual Ship.— 230 x 27 x 8*25 ft. mean draft. Displacement 
: 735 tons. Block coef . = • 503. 



Knots 


I.H.P. 


Skin H.P. 


10 

14 

«i^^v 18 

-^ ^^20 


450 
1100 
2600 
3500 


• • 



I.H.P. 



181 
203 
190 
186 



I.H.P. varies as (speed/ approx. about 18*66 knots. 



100-FT. Model op Shabpshootbb Class. — 100 x 11*74 x 3*59 ft. 
mean draft. Displacement = 60*5 tons. Block coef. = 0*503. 
2 = 2*3. 2» = 12*167. 2»-»= 18*43. 



Knots 



6*6 
9*28 
11*87 
13*2 



S.h.p. 



25*14 
61*75 
139*6 
195*3 



Skin h.p. 



7*44 
19*3 
39*1 
52*9 



i.h.p. yaries as (speed/ approz. about 12*3 knots (^in). 



(Sec Plate XXVII.) 
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Dutch Opium Cruiser Ar^us. 

Progressive trials. 

(Transactions Inst. Engineers and Shipbuilders in Scotland, 1893. 
Paper, by Dr. Bobsrt Caird, on *' Propeller Diagrams.") 

AoTiJAL Ship.— 188 x 23*0 x 7*5 ft. mean trial draft. Displace- 
ment, 406 tons. Block coef. = 0*439. See Dr. Oaird's curves for slip^ 
wake factor, propeller efficiency, engine efficiency, hull efficiency, 
revolutions, I.H.r., E.H.P., thrust deduction, etc. One Propellei; 
dia. = 7-5 ft. Pitch = 9*25 ft. 205 revs. Designed for 16 knots at 
1024 I.H.P. Wake factor = 0-26. E.H.P. = 640. Propulsive 
efficiency = 0*595. 



Knots 


I.H.P. 


Revs. 


Lb. 

Indicated 

Thrust 


E.H.P. 


Skin 
H.P. 


Wave 
H.P. 


6 


62*5 


70*5 


3,165 


25 


19*8 


5*2 


8 


117*5 


95*0 


4,420 


60 


45 


15 


10 


207-5 


120 


6,170 


116 


84*6 


31-4 


12 


350 


146 


8,560 


208 


140*8 


67*2 


m-^14 


605 


173 


12,480 


362 


217 


145 


^^^^^16 


1024 


205 


17.860 


634 


320 


314 


' 17 


1375 


222 


• ■ 


850 


378 


472 



I.H.P. varies as (speed)* at 15 * 1 knots, but curve doubtful. Humps, 
if any, all removed. 

100-FT. Model of Argus.— 100 x 12*3 x 4*00 ft. mean draft. Dis- 
placement = 61 * 11 tons. Block coef. = 0*439. Z = 1*88. /=»** = 9*11. 



Percentage 

of 
top speed 


1 


• 
• 
• 


i 

96*8 


Percentage 

engine 
efficiency 


• 

P. 


P. 

.d 

a 


• 

P. 

• 

1 


Percentage 

of 
full power 


37'5 


4*38 


7-13 


53*5 


3-012 


2*44 


•572 


6'1 


50 


5-84 


13-33 


130*2 


63 


7*01 


6-36 


1-65 


11*46 


62-5 


7-3 


23*62 


164*5 


71 


13-572 


10-12 


3*452 


20*3 


75 


8-76 


39*83 


200 


77 


24-22 


16-83 


7*39 


34-3 


sa*:^87'5 


10 '21 


68*65 


237 


82 


41-95 


26 


15-95 


59*2 


11'67 


115-23 


281 


85-3 


72*33 


37 '88 


34-6 


100 


• ■ 


12*4 


154-7 


304 


86*5 


97 


45*1 


51-9 


• • 



i.h.p. appears to vary as (speed)* at H knots (Vm), but curve is 
doubtful. (Humps, if any, all removed.) 

{See Plate XXVIL) 
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T.8.8. Guardian. 

(From Prof. Durand's book, ** Besistance of Ships," etc.) 

Actual Ship.— 104-5 X 20 x 7*75 ft. mean draft. Displacement 
= 222 tons. Block coef. = • 480. Mid area coef . = - 748. Mid area 
= 116 sq. ft. Prism, coef. = 0-642. Wetted smf. calculated = 2378. 
Propellers, 4 blades. Pitch ratio = 1-50. Surface ratio = 0*566. 



Knots 



l.H.P. 



12-33 

11-84 

9-94 



1060 
804 
374 



D^V3 
l.H.P. 


Skin H.P. 


Revs. 


Slip^ 


64-8 
75-6 
96-1 


86-3 
76-9 
46-8 


138-6 
128-7 
102-8 


180 
15-3 
11-0 



I.H.P. varies as (speed)^ at about 10*55 knots. 



100-FT. Model op Guardian. — 100 x 19*12 x 7*42 ft. mean 
draft. Displacement = 195 tons. Wetted surf, calculated, 2180 sq. ft. 
Block coef. = * 480. Mid area coef. = - 748. Prism, coef. = • 642. 



Knots 



12*07 
11-6 
' 9-73 



ih.p. 



Skin b.p. 



910 
690 
321 



79-1 
70-5 
42*9 



i.h.p. /^ (speed)* at about 10*3 knots (Vw). 



{See Plate XXVIII.) 
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steam Yacht, Tinfln Screinf. 

About 100 ft. long. 

100-FT. Model.— 100 x 21 x 7*06 ft mean draft. Displacement 
a= 184 tons. Block ooef. = 0*485. Mid ship area = 99*4 sq. ft. Mid 
area coef. = 0*67. Wetted surf, calculated = 2110. Prismatic coef. 
= 0-65. 

i.h.p. varies as (speed)^ at about 9 knots. 



Knots 


i.h.p. 


Skin h.p. 


App. slip i» 


Df V» 
I.H.P. 


5*97 


42*7 


9*86 


20*89 


161*3 


7*71 


82*6 


20*4 


20*22 


180*3 


.^ v8-54 


118 


2713 


22-7 


167*2 


•m /'g.^ 


146 


32*1 


23*48 


165*7 


9-72 


200 


39*2 


25*2 


148*8 


10*29 


268 


46 


27 3 


133-7 



(.See Plate XXVIII.) 
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Dutch Tugboat. 

• 

(From Mr. W. F. Durand's book, ** Resistance and Propulsion of Ships," 

or " The Steamship," October, 1897.) 

Values of E.H.P. detennined from model experiments. 

Actual Ship. — ^Dimensions 72 x 14*75 x 3 ft. 10 in. draft forward, 
7 ft. 4^ in. draft aft., 5 ft. 7^ in. draft mean. Displacement = 69 tons. 
Block coef . = • 406. Propeller pitch = 7-63 ft. Wetted surf. = about 

TH P 

1117 sq. ft. T^V v8-ries with increase of speed from 0*64 to 0*69. 
I.U.P. 

55 -S^ varies from 0-543 to 0-462. 
IH.P. 



Knots 


LH.P. 


T.H.P. 


E.H.P. 


Skin 
H.P. 


Wave 
H.P. 


App. 
Slip^ 


DiV3 
l.H.P. 


E.H.P. 


I.H.P. 


6-97 


31-03 


19-76 


15-8 


• • 






184 


•509 


8-07 


50-56 


33 16 


27-42 


• • 






174 


•543 


^^ s, 9-02 
»-^10-07 


80 -24' 53-22 


42-74 


• • 






154 


•533 


132-35' 89-43 


70-69 


• • 






131 


•534 


10-47 


170-831118-85 


87-75' .. 






114 


-514 


10-84 


230-58161-4 


108-46 .. 






93-4 


•471 


11-01 


260-32180-2 

1 


120-22 .. 


. . 




86-3 


•462 



LH.P. varies as (speed)* at about 9*33 knots. 



100-PT. Model of Dutch Tugboat. — 100 x 20-5 x 7-79 ft. mean 
draft. Displacement = 185 tons. a> = 0*406. Wetted surf. = 2152 
approz. 



Knots 


i.h.p. 


e.h.p. 


Skin h.p. 


Wave h.p. 


8-22 


97-5 


48-85 


24-8 


24-05 


9-51 


158-9 


85-1 


37-9 


47-2 


^ . 10-65 


253 


140-6 


52 


88-6 


418-3 


220-8 


70-2 


150-6 


12-37 


541 


274-4 


78-4 


196 


12-8 


731 


340-1 


87-1 


253 


130 


824-8 


377-2 


91-2 


286 



The i.h.p. is varying as the 4th power of the speed at about 
11 knots fVm). 

{See Plates XIX. and XXYlll^ 
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H.M.8. Medusa. 8rd Olass Orulser. 

(Prom rough figures given by Sir Wm. H. White, I.N.A., 1892.) 



Actual Vbsbel. — 265 x 41 x 16*5 ft. mean draft. Displacement 
= 2800. Block coef. = 547. 

[The Pallas (same olass) made 19*25 knots at 7610 I.H.P. 
^ = 187.] 



I.H.P. 



I.H.P. varies as (speed)* at 18*3 knots. 



Knots 



10 
14 
18 
20 



— I- 



I.H.P. 



700 

2,100 

6,400 

10,000 



Skin H.r. 



■ • 



D}V3 
J.H.P. 



284 
259 
181 
159 



Bad 

result 

due 

to 

shallow 

water. 



100-FT. Model op Medusa.— 100 x 15*49 x 6*23 ft. mean draft. 
Displacement = 150*5 tons. Block coef. = 0*547. 



Knots 



6*14 
8*6 
11 06 
12*3 



i.h.p. 

24-2 
72-35 
217*3 
338*6 



Skin h.p. 



9*64 
24*95 
50*8 
68-6 



i.h.p. varies as (speed)* at about 11 J knots (Vm). 



{See Plate XXVIII.) 
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U.8.8. MannlnKi SInfIa Scrawr. 

(DoBoribed bf Prof. Cecil H. PeBbodjr in Proooedtoga of the 
Americeu Sooietj of Naval Arohltects and Haiine Engineen.) 



Acnru Ship.— 188 X S2'S1 x 12-S8ft.meandrafl:. Duplaoemeat 
= 1000-7 tona. Block coef. = 0-48. Wetted rarf. = 7273 v\. ft. 
Snginee 25 '■■• -^^- -M^in- Propeller dia. = 11 ft. Pitch 
= ia-S3ft. 5^ = 1-121. Area ratio = 0-421. Hub. = 1 ■ 875 ft dia. 



■|"J' 



^1; 



The LH.P. Ti 



la the 4th power of the speed at abontlS-lkDola. 



Notice that T.H.P. (Thnwt boree-power) = Skin bor»e-power 
+ Wave-making horae-pawer -|- wake gain aiid tbroat deduction 

And E.H.P. (effeotive hoise-pover) = Skin friction horse-power 

+ Wave-making borso-power. 
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lOO-PT. Model op Manning. — 100 x 17*5 x 6*39 ft. mean draft. 
Displacement = 151 tonn. Block coef. = 0^48. Propeller dia. 

= 5-85 ft. Pitch = 6-56. ?^: 

Dia. 

I =188. 2^=6-64. V'r= 1-371. Z=»-» = 910. 



= 1-121. Area ratio = 0^421. 



Knots 


i.h.p. 


3-65 


7-59 


4-38 


11-0 


511 


15-92 


5-84 


21-85 


6-56 


29-56 


7-3 


40-1 


8-03 


55-0 


8-76 


75-68 


9^49 


104-15 


10^2 


139-6 


10-94 


186-5 


11-68 


244-2 



B«v8. t.h.p. 



58-6 
82-4 
1*06 
131-2 



160 



191 
208 



1 
4 



3-3 

5-27 

8-13 

11-89 

16-83 



23 

33' 
47' 



5 
4 

4 



66-0 



90- 
102 
134 



2 
3 
4 



Initial 
Friction 
Power 



2' 

3 

4' 

4' 

5' 



97 
63 
18 
84 
38 



6-05 
6-71 
7-48 
8-14 
8-9 
9-79 
10-67 



Load 

Friction 

Power 


Engine 
EfFcy. ^ 


-33 


56-5 


-55 


• • 


•77 


68 


1-1 


74-4 


1^65 


75-7 


231 


79*4 


3-3 


81*2 


4-62 


83-6 


6-49 


85^5 


8-9 


87 


121 


88 


161 


88^6 



The i.h.p. is varying as the 4th power of the speed at about 
11 knots (Vto). 

Initial friction power + Load friction power = 11^4 per cent, of 
i.h.p. at full speed. 



(See Plate XXVIII.) 
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Torpedo Boat Makrelen. 

(Progressive trial described by Captain A. Basmussen, Danish Navy.) 



Actual Vessel.— 140 x 14*25 x 7*33 ft. draft aft, 6*3 ft. mean 
draft normal. 127 tjns displacemeat. Block coef. = 0*354. Cal- 
culated wetted surf. = 1925 sq. ft. 

Trid a/ 105 ton« displacement. 



1 Knots 


l.H.P. 


Knots 


l.H.P. 




! 20 


1200 


16 


500 




18-7 


1000 


151 


400 




18-2 


900 


14-2 


300 




i 17-6 


800 


12-7 


200 




17*15 


700 


10-25 


100 




16*6 


600 




1 



100-FT. Model of Makbelen. — Calculated wetted surf. = 983 sq. ft. 
Za-» = 3-245. 

Dimemions (trial). — 100 x 10 * 18 X 3 * 76 ft. mean draft. Block coef. 
= * 35. Displacement = 38 * 3 tons. 





Knots 


i.b.p. 


Skin h.p. 






16-91 


373-3 


87-3 






15-82 


312 


72-2 






15-4 


279-8 


66*3 






14-9 


249-4 


60*4 


... Uamp 




14-5 


218*5 


56-5 






14-04 


187 


51-5 






13-54 


156-4 


46*7 , ^,, 






12-77 


125-3 


39*4"^^"^*^ 


Hump 131 




120 


93*9 


33*1 






10-75 


62-9 


24*3 






8-66 


31-37 


13-1 





{See PiATO ^^YL>) 
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Progressive Trials, 



Torpedo Boat Sobjornen. 

(Proprressive trial described by Captain A. Rasmnssen, of the Danish 
Kavy, in a paper to the Institution of Navcd Architects, 1899.) 

' Actual Vessel.— 145*5 x 15*5 x 5-815 ft. mean draft. Dis- 
placement = 140*5 tons. Block coef. = 0*375. Calculated wetted 
surf. = 2283 sq. ft. I = 1 '455. Z »» = 3*7. 

Trialin 20 fathoms. 



■ Knots 

1 


I.H.P. 


Skin H.P. 




' 23-4 


2200 


505 




1^ > 22*0 


1800 


422 




i 21*2 


1600 


379 




20*0 


1310 


322 




18*5 


1000 


258 




17-6 


800 


222*4 




16-6 


600 


189*7 




15*0 


400 


141*5 




12-7 


200 


88*6 




10*0 


100 


45*2 




6*0 


47 


10*7 





The I.H.P. is varying as the 3*9 power of the speed at 23*2 knots. 



100-FT. Model of SSbjobnen.— 100 x 10*66 x 4*00 ft. mean 
draft. Displacement = 45*7 tons. Block coef. = 0*375. Calculated 
wetted surf. = 1080 sq. ft. 





Knot8 


i.b.p. 


Skin li.p. 






19*4 


599 


141 






18*23 


490*1 


118*1 






17*6 


437 


107 






16*6 


357*7 


90-7 






15*36 


272*9 


72-3 


..Hump 




14-6 


219 


63 






13*78 


164*5 


53-6 






12*45 


110*2 


40-4 


..Hump 




10-58 


55-3 


25*2 






8*3 


27-55 


12*75 






4*98 


12*835 


3-025 





The i.b.p. is varying as the 8*9 power of the speed at 19^ knots (Yin). 

{See Plate XXIX.) 
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Yarrevif Torpedo Boat. 

(Progressive trial described in ** Engineering," October 17, 1879, and 

Trans. Inst. Engineers and Shipbuilders in Scotland, in a 

paper by Mr. William Denny.) 

Complete indicator diagrams, including reoeiyer diagrams. Speed 
trials from 13 to 20 knoto. At the time, the fastest vessel afloat. 

Cylinders, l^JV-^^j"-. 
^ 12 in. 



Actual Dimensions. — Overall, 86 ft. x 11 ft. x 
placement = 27 tons. 3-bladed propeller, 5 ft. 3 in. pitch. 



. Dis^ 



Knots 


I.H.P. 


Revs. 


Lb. calculated 
Indie, thrust 


Indie, thrust 

IromMr. 
]>enny'8 paper 


13-3 


94-9 


268 


2230 


2350 « 


14-25 


125-6 


288 


2745 


2900 


15-3 


164-4 


310 


3330 


3500 


16-2 


196-8 


330 


3745 


3920 


17-0 


233-3 


352 


4160 


4340 


18-25 


317-3 


397 


5030 


5260 


19-1 


• • 


• • 


• • 


5760 


19-5 


401-4 


442 


5710 


6000 


20-0 


425-2 


460 


5820 


6100 



100-FT. Model of Yabbow Tobpedo Boat.- 


-100 X 12-8 X 


Displacement = 42*5 tons. 






Knots 


i.h.p. 






14-36 


159-6 






15-38 


211-4 






16-52 


277 


Hump 




17-5 


330-5 






18-37 


392 






18-9 


• • 






19-7 


534 






20-5 


• • 


Hump about 20| 




21-05 


675-5 


knots- 


21-6 


716 





{See Plate XXIYL>| 
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Progressive Trials, 



Torpedo Boat BlddlOi Twin Screw. 

{From the Proceedings of the American Society of Naval Architects 
and Marine Engineers. Paper by Mr. Chas. P. Wetberbee.) 



Actual Vessel. — 157 x ' 16 • 25 x 4 • 81 ft. mean draft. 4 • 4 tons per 
inch immersion. Wetted snrf. = 2540 sq. ft 168 tons displacement. 
Block coef. = 0-478. Mid area coef. = 0*724. Coef. water plane (on 
trial) = 0-748. Prismatic coef. = 0-663. Propellers dia. = 6-68 ft. 
Pitch = 10-88 ft. Projected surf, each = 1440 sq. in. 



• 


















Trial of 
Barney, sister 


• 

Progressive trial of T.B. Biddle, clean bottom, 36 days afloat. 


ship (2 boats 
Identical), dirty 




















bottom, 126 days 




















out. 
















%^ 








Knots 


Bev. 


Apik 

slip per 

cent. 


LH.P. 


Wave 
H.P. 


Skin 
H.P. 


f'-H-P. 


11 

-432 


D]|V3 

i.h:p. 


Revs. 


I.H.P. 


11 


117 


12-61 


220 


SO 


65 


95 


183-4 


• ■ 


• • 


13 


137 


11*79 


856 


75 


105 


180 


•507 


187'6 


137*4 


39< 


15 


158 


11-76 


522 


130 


160 


290 


*556 


196 


160*5 


602 


17 


181'5 


12*93 


760 


246 


226 


470 


•618 


196 


185*2 


927 


18 


194*6 


13*97 


928 


325 


266 


690 


•635 


190-5 


198 


1150 


19 


207*7 


14-97 


1138 


420 


305 


725 


*637 


182-7 


210*9 


1410 


20 


220 


15-49 


1370 


500 


355 


855 


•6*24 


177 


223-4 


1705 


21 


231*4 


15*64 


1600 


585 


405 


990 


•619 


175 


235*2 


2002 


22 


242 


16*49 


1835 


665 


465 


1130 


*616 


175-9 


246 


2290 


23 


252-4 


15 29 


2080 


750 


530 


1280 


•615 


177 


256-6 


2686 


24 


262-6 


1504 


2346 


840 


590 


1430 


•610 


178 


266*7 


2892 


25 


273 


14-87 


2636 


915 


670 


15H5 


*601 


179 


277 ; 3230 


26 


283 3 


14-68 


21»32. 


1005 


740 


1745 


*595 


182 


287-5 3590 


27 


294 


14*63 


3257 


1080 


?30 


1910 


•586 


183 


298 , 3960 


ti!!M^ V 28 

lb. 


304-2 


14*44 


3572 


1165 


920 


2085 


•58 


186 


308-4 


4340 


314-8 


14*37 


3910 


1255 


1015 


227U 


•581 


189 


318-2 


4730 


30 


326*2 


14*24 


4225 


1310 


1120 


2460 


•582 


193 


• •• 


• •« 



The I.H.P. is varying as the 3-2 power of the Ispeed at about 
28-8 knots. 



Progressive Trials. 
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lOO-PT. Model of Biddlb.— Z)f/iwn«io/w.— 100 x 10-35 x 3-06 ft. 
mean draft. Displacement =43-5 tons. Wetted surf. = 1030. 
V*^ =^'Sil, Wetted surf. 1^ per cent, higher than Mumford^s 
formula gives. Block ooef. = 0*478. Mid area coef. = 0-724. 
Prism, coef. = 0*663. Coef. water plane =0*743. Propellers dia. 
= 4 * 25 ft. Pitch = 6 * 935. Projected area = 585 sq. in. 





Knots 


i.h.p. 


Skin h.p. 


e.h.p. 


Wave h.p. 






8-79 


45*95 


14-3 


20-1 


5*8 






lo- 
ll 


39 
•99 


74*1 
109-4 


23 
34-5 


37*96 
61*4 


14*96 
26-9 


-^HSiHump 




13 


•59 


159-3 


49-3 


99-2 


49*9 






14 


•39 


193-6 


57-6 


124 


66-4 






15 


•19 


237-2 


66*9 


151-9 


85 






15 


•99 


285-6 


77-6 


179-2 


101-6 


< ^ Hump 




16 


•78 


334*3 


89-5 


208-1 


118-6 






17 


•58 


383*6 


101-6 


237-8 


136-2 






18 


37 


435-4 


115-4 


269*6 


154-2 






19 


17 


491-3 


130-3 


301*3 


171 






19 


98 


552-8 


146*8 


335*6 


188-8 






20 


76 


613-5 


163-5 


368*5 


205 


-<-|f Hump 


. 


21 


•58 


680-6 


181-6 


402-9 


221-3 






22 


35 


747-3 


201*3 


440*1 


238-8 




Wh> 


23 


-18 


. 820 


224 


482 


258 






23*98 


892 


248 


527 


279 





The i.h.p. is varying as the 3*2 power of the speed at about 
23 knots (Ym). 



{See Plate XXIX.) 
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Progressive Trials. 



I^rench Torpedo Boat. Single Screvir. 

(Progressive trial described by M. L. de Bussy, I.N.A. 1887.) 



AcjTDAL Vessel. — 108 ft. long. Displacement = 46*1 tons. Mid 
ship area immersed = 22 sq. ft. (Beam, 11 ft.) 

3 / T jj p 

If B = mid ship area, and m = a constant, » = to ^ / ' ' \ 

li.:'.:T. V B'' 



Knots 



4-7 
8-91 
10-2 
10-94 
12-89 
14-58 
16-8 
18-2 
19-3 



I.H.P. 



9' 

42" 

62- 

67' 

120' 

184' 



33 
44 
19 
33 
93 
2 



300 
377 
443 





m 


for square ft. 


6 


322 


7 


•23 


7 


•307 


7 


615 


7 


•381 


7 


•256 


7 


•J02 


7 


•132 


7 


•159 



D|V3 
I.H.P. 



215 
220 
250 
226 
216 
203 
205 
209 



100-PT. Model op French Torpedo Boat. — Dimensions. — 
100 X . Displacement = 36*6 tons. Immersed mid 

area = 18*87. 



Knots 



i.h.p. 



4-53 


7-14 


8-58 


32-5 


9-82 


47-5 


10-52 


51-5 


12-4 


92-5 


14-02 


141 


16-18 


229-8 


17-5 


289 


18-58 


340 



Hump about 12} knots 
Hump about 17 knots 



(See Plate XXIX.) 
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Shallow Water. 

The resistance of a ship in shallow water is often enormously 
greater than in deep water, and is due to the effect of the bottom upon 
the streamlines, and also upon the wave system accompanying the 
vessel. 

The problem has been the subject of discussion at Meetings of the 
Institution of Naval Architects. In the discussion on Sir W. H. White's 
paper on " Notes on Recent Experience with some of H.M. Ships," 
Mr. R. E. Froude mentioned experiments tried in the Admiralty 
Tank at Torquay to determine the increase of resistance thus caused. 
A false bottom set at various depths in the tank caused the resistance 
of models to vary considerably. With the water as shallow in propor- 
tion to the size of the model, as the water in Stokes Bay in proportion 
to a ship of from 3000 to 5000 tons — there was an increase of resistance 
of from 3 per cent, to 5 per cent., nearly constant at all speeds. Mr. 
Froude pointed out that of the two elements of this difference in 
resistance, there is first the element that is nearly a constant per- 
centage at all speeds '* attributed to the fact that the water in getting 
out of the way of the ship has to move in two dimensions instead of 
three dimensions; the motions are consequently more accentuated, 
and involve higher streamline speed, against the ship's side, and 
cause greater friction." There is also the other element, viz. : that 
due to the effect of shallow water on tlie wave, and which is more 
marked at high speeds. See also Mr. D. W. Taylor's paper to the 
Institution of Naval Architects, Spring 1894, " On Ship-shaped Stream 
Forms." In April 1895, Mr. D. W. Taylor read a paper to theI.NA., 
" On solid stream forms, and the depth of water necessary to avoid 
abnormal resistance of ships." Consult Lamb *'0n the Motion of 
Fluids," page 117, for description of simple stream systems in three 
dimensions. Mr. R. E. Froude in his remarks at the end of Mr. 
Taylor's paper pointed out that there is an increase of resistance at 
all speeds, even at those speeds at which there is no resistance due to 
wave-making. In order to properly consider the question of whether 
the shoal water increases those features of the streamline disturbance 
which are the cause of wave-making resistance (and this is at 
certain speeds only), the relation between the depth of water and the 
length of the wave that is proper to the speed of the ship, has to be 
considered. 

In a valuable paper to the Institution of Naval Architects in 1899 
on ** Some steam trials of Danish ships," Captain A. Rasmussen, of 
the Royal Danish Navy, gave progressive speed and power curves 
of the Torpedo boats Sobjornen and Makielen, at four different 
depths of water. The Sobjomen was 145 ft. 6 in. long x 15 ft. 6 in. 
beam, and 140 tons displacement with a draft of water 8 ft. 10 in. 
forward, and 7 ft. 9* in, aft. Engines : 4 cylinder ttu^l<5k^ *2ftfii Vs^, 
working pressure. At normal dtait \^i^ ^vs^\eR«ai!Bo5^ ^^s^^sa^V: 
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Shallow Water. 



At half power the loss in speed In shaUow water is very great, while 
at full power the speed is higher for depths below or above 8 fathoms, 
this being of the four named depths, the most disadvantageous for 
the propulsion of this boat at full power. It was pointed out that the 
speed corresponding to the points of inflexion in the curves is 
practically the speed v of *' the wave of translation as given by the 

formula v — iJgh where /* = depth of water 

and q — acceleration of gravity." 
While the wave of translation in shallow water at half power is 
unusually high and long, it vanishes completely at full speed. 
At normal draft (132 tons displacement) Sdojdmen. 



Depth of Water 


Knots at 2200 I.H.P. 


Knots at 1000 I.H.P. 


2^ fathoms 

6| fathoms 

8 fathoms 

20 fathoms 


24-1 
23-8 

22-8 
23-6 


131 

17-2 
18-3 
18-6 



SdhjGmen, 



Speed in Knots ... 
I.H.P. in 20 fathoms 
I.H.P. in 8 fathoms 
I.H.P. in 2i fathoms 



6 


10 


12 


14 


16 


18 


20 


22 


45 


98 


160 


286 


520 


840 


1320 


1960 


45 


98 


164 


310 


670 


• • 


1408 


1786 


• •• 


100 


260 


1080 


1180 


1220 


1380 


1660 



24*1 



2200 



The dotted curve on Plate XXX. shows the E.H.P. for a trial in 
shallow water of Popper's boat A (see page 69). When passing 
suddenly into shallow water, the speed of a steamer may ** unaccount- 
ably *' jump from 12J to 14^ knots ($ee Curve), the power remaining 
constant. 
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APPENDIX. 



CALCULATION OF TOW-ROPE RESISTANCE FOR 

PRACTICAL PURPOSES. 

E.H.P. is the power required to overcome the net or tow-rope 
resistance of a vessel. Conversely, the pull on the tow-rope is the 
resistance equivalent to the E.H.P. (effective liorse-power), E.H.P. 
and resistance are therefore mutually convertible. The relation is 
shown by the expression on page 3. 

Given the resistance curve (or E.H.P. curve, one is as good as tlie 
other) of the barge mentioned on page 68. Let it be proposed to 
drive that barge by steam, and we want the I.H.P. To find theLH.P. 
ifor the 200-ft. barge at 10*1 knots (Vt» = 7*14, that being about 
her maximum reasonable speed), use the ratios of p]:opulsive 
efElciency of the Yorktown (page 64). This means dividing the 
e.h.p. of the 100-ft. model by about 0-47. The i.h.p. of the 100-ft. 
model will therefore be 55. To get the I.H.P of the 200-ft. barge, 
multiply by I '**, whicli gives about 600. 

Conversely, suppose we want to calculate the tow-rope resistance of 
Barge F — (page 141), say with her propeller removed. 

First Method.— 100 x 0*47 = 47 E.H.P. at 7 2 knots. Then con- 
vert E.H.P. into resistance. 

^cond Method, — For lower speeds than 7*2 knots, take a higher 
T)2 ys 
value of ^ ; and for higher speeds take a lower value of the 
I.M.P 

constant, and treat the other values of I.H.P. so found by the same 

(Yorktown) ratio of ^-^-, viz. about 0*47. Then convert the E,H.P. 

I.M.P. 

so found into resistance. 

E H P 
Turning to Plate I., the better curves of Vtj"t> » ^^°^ *® *^® 

I.M.P. 

Manning, represent well lubricated, fast running modem engines, with 
independent pumps, at smooth water trials ; while the lower \alues 
(e.g. Yorktown) are the ordinary values of the propulsive coefficient 
for everyday sea-going steamers, working at Jths of full v^'^^^. xs*. ''jS^ 
weathers. {See also pages 3, 4, 55, *n\.^ 
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Wake. 

In a paper read before the American Society of Naval Architeots 
and Marine Engineers in 1896, Professor MacDermott gave a good 
formula for the speed of the wake, as a percentage of the speed of the 
ship, applicable to both Twin Screws and Single Screws. 

L = length of vessel in feet measured from fore side of stem 

to after side of inner stern post. 
p = prismatic coefficient. 
m = midship area coefficient. 

Single Sobew Vessels. 

Formula w = 016 (^ L*- 0^6). Wake percentage = 100 w. 

(From Prof. MacDermott's paper.) 



Name 



Flavio Gioja 

Charles V. 

Albacore . . 

GaUia 

Servia 

City of Kome 

Warrior (old) 

Great Eastern 

Cumus 

Encounter 

Opal .. .. 

A .. .. 



Length 



249 



1 
Prismatic 


Mid area 


Actual 


Coef. 


Coef. 


wake ^ 


•619 


•85 
approx- 


19-36 


•658 


•93 


19^57 


•722 


•825 


23 66 


•711 


•92 


25-07 


•723 


•91 


25-07 


•713 


•925 


25-07 


•671 


•825 


25^44 


•61 


•82 


25-44 


•68 


•75 
approx. 


26^29 


•612 


•82 


17^39 



Computed 
wake^ 

19-63 

19-79 
22-82 
24-21 
26-26 
25-54 
25-22 
25-57 
27-49 
27-36 
27-36 
18-18 



Wake 
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Twin 6obew Vessels. 
w = 0-13 ( ^L*-l^l Y Wake percentage = 100m 

(From Prof. MacDermott's paper.) 



Name 



Surprise . . 

Iris .► ., 

Orlando Glass 

Admiral Glass 

Italia.. 

Conqueror.. 

Great Eastern 

Devastation 

Dnilo 

A .. .. 

B .... 



Length 



250 
300 
300 
825 
400 
270 
666 
285 
340 
158 
257 



Prismatic 


Mid area 


Actual 


Coef. 


Coef. 


wake^ 


•535 


•858 


5-46 


•548 


•909 


5^46 


•563 


•879 


8^28 


•656 


•857 


10-72 


•655 


•867 


12-28 


•702 


•851 


13^87 


•61 


•825 


14-45 


•767 


•888 


15 04 


•775 


•874 


15^94 ' 


•612 


•82 


8^54 


•75 


. -875 


14-9 



Gompated 
wake^ 

€•05 

598 

7^25 

11 79 

12^35 

12-96 

14 01 

14^51 

16^ 16 

8-27 

13^8 



THRUST BLOCK FRICTION, 



Experiments have been made with marine engines, to determine 
the amount of power lost by friction at the thrust block. In a paper 
on this subject read before the Institution of Naval Architects (see 
Transactions, 1899), Herr F. von Kodolitsch described how its amount 
had been electrically measured in the case of a triple expansion 
marine engine of 600 I.H.P. The engine had cylinders 13| in.— 
22 J in. — and 36 in. dia. x 24 it), stroke. At 136 revolutions per 
minute, the speed of ship being 12 knots, I.H.P. = 600. 

Indicated amperes x indicated volts __ indicated electrical 

746 horse-power. 

With a thrust block of the ordinary type, 29*75 I.H.P. were lost; 
and with a thrust block on the roller system, 2-4 horse-power were 
lost. Taking the first result as an average for ordinary marine 
engines then we may say that -^ or 5 per cent, of the indicated horse- 
power is lost in Thrust Block Friction. 
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ENGINE EFFICIENCY (e,). 

In analyses of progressive power curves it was the onstom until 
very recently to apply the method of the late Dr. Wm. Froude to the 
Indicated Thrust Curve, to ascertain the initial friction of the engines. 
In the discussion on Mr. Jas. Hamilton's paper to the Institution of 
Naval Architects in 1898 on ** Horse-Power absorbed by Skin Frictum 
and Wavemaking in ships of different forms and proportions, deduoed 
from progressive trials," Sir W. H. White said that, nrom his own per- 
sonal investigations, that was not a very sound method, and he gave it 
as his opinion that with all the care that could be applied to actual 
trials in running down the curves of thrust towards their origin, the 
results obtained were not trustworthy. Sir W. H. White added that 
his own conclusion, resting on a large number of analyses, was that, 
with a waste on the propeller of from 30 per cent, to 35 per cent., the 
dead load friction might vary from 5 per cent, to 9 per cent., and the 
working load friction from 7 per cent, to 8 per cent. The delivery of 
power to the propellers would therefore not be likely to exceed 80 per 
cent, to 85 per cent, of the I.H.P. 

When designing a propeller to suit a ship at various speeds, or 
when analysing the results of a progressive trial with a view to finding 
the efficiency of the propeller, it is necessary to know the power 
delivered to the propeller at each speed. A sloping line slightly 
curved, representing the power expended in overcoming Initial Friction 
+ Load Friction should first be laid down below the I.H.P. curve, on 
tiie speed and power diagram. The power delivered to the propeller 
(i.e. as nearly as possible, the brake horse-power at the propeller 
shaft) is then the difference between the ordinates of these two 
curves. For a good example of curves of Initial Friction and Load 
Friction, see Professor Peabody's paper to the American Society of 
Naval Architects and Marine Engineers', 1899, on the trials of U.S.S. 
Manning. In this ship the power expended on engine friction at 
full speed was 11*4 per cent, of the maximum I.H.P. The engine 
efficiency therefore was 88 * 6 per cent. In the progressive trial, at 
speeds varying from 5 knots to 16 knots, the engine efficiency varied 
from 56*0 to 88 per cent, of the I.H.P. at those speeds. 
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THE PBOPELLEB. 

Eeoent experiments at the U.S. model basin with various shaped 
of blades, afford the only complete data yet obtained. The results 
will probably be published by Mr. Taylor in 1908. 

Students of the subject of propellers should, meanwhile, consult the 
original papers referred to by Professor Biles in his admirable little 
book on Turbines (1907), and also Mr. B. E. Fronde's papers. 
If « = real slip ratio. 

«i = apparent slip ratio. 
w = wake factor. 
Then « = 1 - (1 - w) (1 - «i) 

= W + 8^ (1 —to) 

A propeller formula has long been a desideratum amongst engineers. 
Though we have no intention of enlarging on the subject of propellers, 
for it does not come within the scope of the present work, we hope that 
the reader will see that the method of reducing every ship to a 100-ft 
model leads to a similar method with regard to propellers. Instead, 
however, of reducing the propeller dimensions, it will do equally well 
if we write the proportions of the 100-ft. model down along with the 
actual dimensions and constants for full sized propellers that come 
under consideration. 

Let D = the diameter of the screw propeller (in feet). 
N = number of blades. 
P = the pitch of the screw propeller (in feet). 
B = revolutions per minute. 
S = real slip ratio. 

K = a constant, depending on the pitch ratio or surface, number 
of blades, and form of ship, or altered draught (affecting 
the efiSciency). 
F = a variable factor depending upon shape and N. The com- 
ponents of F have been determined experimentally in 
America. / p v r \3 

T. I IT \101'33>/ 
Formula, K= mp 

The power of any screw propeller varies as D^ x (P X B)^ X N 
X (1 - 8) X F, i.e. as D^ x P'' X B», within limits. (Dividing by 
101 '33 gives speed of screw in knots.) 

If we reduce D by clipping the tips of the blades, then, with a 
given I.H.P., B will increase in accordance with the above expression. 

If we alter the pitch, then either B or D will have to bo altered, if 

the power of the screw is to remain constant. If we cannot alter D, 

and wish to keep the revolutions constant, then we must vary the 

power to suit.* AH that remains is to provide ourselves with correct 

J)2 ya 
values of K, taken from actual perforntances, just as with ^ for 

speeds and powers. 

• Note here the Intimate connectVon )oft\.7ie%ti tXvfe Vas^ wA ^Ci^'t ^^^o^g^^^st. 
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EXAMPLES GIVING SOME VALUES OF K FROM 

ACTUAL PRACTICE. 



1. For a 9-knot single screw cargo steamer, with D = 16 ft 9 in., 
P = 16 ft 6 in., B = 68, surface ratio = 0*30, K = 280, when the 
ship is loaded ; and K = about 330, when the ship is light. (Bonghly, 
of course.) 

2. For an 11-knot single screw steamer about 300 ft. long, when 
■^ = about 1 ' 1 to 1 *2 and B = about 80, E = about 310 when loaded. 

With ^ = about 1-0, K = about 280; with ? = about 0*95, K = 
about 250. 

3. For the torpedo-boat destroyer Biddle, 30 knots at 325*2 
revs. I.H.P. = 4225, K = 443. (Twin screw.) 

For the same T.B.D. at 20 knots, B = 220, E = 420; also Biddle 
at 25 knots, R = 273, K = 415. 

4. The Cruiser Diadem. D = 16 ft. 9 in., P = 22 ft 11 J in., 
Exp. surf. = 58; at 20*6 knots, B = 119*1, I.H.P. = 17,262, 
K = 313. 

5. For our 460-ft T.S.S. (see Plate XXIII.) at full speed with 
P 

■p=l'24, Area ratio=0*321, K=419. 

6. The U.S. Battleship New Jersey (see page 195), K=294. 

7. The U.S. Battleship Georgia, K = 327. 

8. A 500-ft. twin screw Atlantic liner. Block coef. = * 728, 16J 
knots, 90 revs. t)- = 1"2^' ^^^^ ratio=0-32, K=450. 

100-ft modellOO x 11-7 x 5-1. 

9. For the Cruiser Terrible, K = 574. 

10. For an 18J-knot twin screw steamer, 150 revs. Area ratio= 
P 
^•^7, j^=l-22, K = 410. 100-ft. model 100x12*8 X 4*5. 
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11. For the U.S.S. St Louis 424x66x22*6 ft. mean draft. 

Di£ipl.=9663. (Model 100xl5-58x5-31.) 22 13 knots, oylinderB 

36 in.-.59J in.-69 iii.-69 in. , ^^ „« ,o ^^o t tt t^ 

^ .- . 1 50 • 78 levs. 13,473 I.H.P. each screw 

45 in. ' 

8 blades. D=18, P = 19 ft. 0^ in., area ratio=0-36, L.W.L. coeflas 

0-67, prism, coef. =0*61, mid area coef.=0- 87, wetted surf. =31,838. 

44*92 tons per inch. Transverse metacentre 14 ft. above G.B. 

K=540. 

12. With turbine steamers an apparent slip of 25 to 30 per cent, 
may be expected. With 3 blades tbe surface ratio is usually 0*60 to 
0*64, and the pitch ratio is often about 0*8. The centre screw (when 
there are 3 shafts) usually takes 10 per cent, more power than each 
wing. E= about 150. 

And so on. The reader should write down the 100-ft. model 
and its speed Ym opposite each propeller in a table, taking examples 
from our steamship data tables, ana from his own experience. 
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